APPn tip 


1961 
Vol. 15 No. 5 


PUBLISHED BY THE SOCIETY FOR APPLIED SPECTROSCOPY 


ce ‘ : ae ‘Wyman- -Gordon depends on i | Spectrograph 


‘to analyze wide variety of metals ‘for aircraft and missile forgings 


ae :  Woesiei-o Gordon ‘Company produces a 


larger. volume and wider variety of air- 


. ae : metal fabricator in the world. Products i in. 
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ing wheels (magnesium); piston. engine 
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os ae ‘chose’ a Baird-Atomic Research Direct- 
: Reading Spectrograph todo the job. With 
ae i oes a) this instrument, one preset direct- -reading | 
head can be- used for aluminum alloys, 
another for magnesium, a third for nickel, 
and so on. For non- -routine or infrequent 
analyses, the unit can be used photo- 
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‘graphically, permitting one instrument 
to do the work of two. Changeover takes 
Hust 5 to 10 minutes. oes aioe yen 
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More than- 5, 000 analyses. are made on. 
the Spectrograph. each month ... some- 
‘times at the rate of one.a minute.Its speed, 
flexibility and) dependability play a key 


role in maintaining the quality and de- 


‘ing opportunities. with B/A. Write Industrial a 


(BAIRD-ATOMIC, INC. 


ae university. road + cambridge 38 mass. 


pendability of Wyman- Gordon forgings. 
. This same quality control and- time-sav- 
ing | convenience can be yours with a B/A 
Direct- -Reading | aomatacncae Write for 
information. 
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INFORMATION FOR AUTHORS 


Contributions covering the theory and prac- 
tice of absorption spectroscopy (x-ray, ultra- 
violet, visible, infrared and microwave), emis- 
sion spectroscopy (arc and spark, flame and 
fluorescence), Raman spectroscopy, diffrac- 
tion, mass spectroscopy and nuclear magnetic 
resonance spectroscopy are solicited. They 
may be in the form of papers, notes, or lab- 
oratory suggestions. Contributors need not be 
members of the Society. Contributions should 
be sent in duplicate to 


Dr. Leopold May, Managing Editor 
APPLIED SPECTROSCOPY 
Catholic University of America 
Washington 17, D.C. 


The format of recent publications in Applied 


Spectroscopy should be followed. Papers should 
begin with a brief abstract giving the purpose 
of the research, the experimental or theoreti- 
cal procedure, results and conclusions. Notes 
need not contain an abstract. Tables and fig- 
ures should be placed at the end of the manu- 
script. (The Lay-Out Editor will place these 
as near as possible to the point they are first 
referred to in the text when the pages are 
made up.) Drawings should be in india ink 
and photographs on glossy contrast paper. 
The comments of the Editors and the 
reviewers will be relayed to the authors. If 
the contribution is accepted, galley proofs 
will be sent to the authors for proof-reading. 
Reprints may be ordered at that time. In 
submitting an item to Applied Spectros- 
copy, it is understood that the author agrees 
to not allow it to be published elsewhere un- 
less it is released or rejected by Applied Spec- 
troscopy. Subsequent reprinting of material 
copyrighted by the Society for Applied Spec- 
troscopy must have the permission of the 
Editor-in-Chief and the author(s). 
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HILGER 
WATTS 


Wavelength Spectrometer 
of high versatility 


Standard accessories can be purchased at any 
time, to gradually develop a full range of applica- 
tions including: spectroscopy; Raman spectroscopy; 
monochromator in the visible and U-V; spectropho- 
tometry in the visible and I-R; high resolving power 
observations; measurement of light; structure of 
line spectra; photometry. 


Raman Spectrographs 
a complete line, moderately priced 


Hilger Spectrographs have contributed importantly 
in research and application of the Raman Effect. 

The two prism glass instrument is complete with 
Raman source for use with two high aperture cam- 
eras or with electronic recording. Single prism 
spectrographs are constructed for photographic 
use only, with a choice of glass or quartz optics. 


HILGER & WATTS SCIENTIFIC INSTRUMENTS 


TO FIT YOUR CRITICAL REQUIREMENTS 


FOR YOUR 
HIGH 


RESOLUTION 
PROBLEMS 


The Fabry-Perot Interferometer with Etalon permits 
the attachment or interchange of either the Fabry- 
Perot or the Michelson system of mirrors, without 
alteration of the apparatus. Other outstanding fea- 
tures include: range of wavelengths; choice of 
apertures, transmissions, and filters. 


LARGE APERTURE MONOCHROMATORS 
provide highest light-gathering power 


These Hilger Monochromators /Spectrographs / 
Spectrometers provide a comprehensive choice of 
large aperture instruments. 

Available is a U-V and |-R Spectrometer that can 
be equipped with Schwarz thermopile and galvan- 
ometer, and a choice of six different prisms. This 
instrument may also be used as a large aperture 
double monochromator. For faint or transient light 
sources, another monochromator is equipped with 
a F/1.8 aperture, a 40 mm. long slit, and camera. 


Write for complete descriptive literature of these and other Hilger & Watts Scientific Instruments 


DIVISION OF ENGINEERING AND SCIENTIFIC INSTRUMENTATION 


ENGIS EQUIPMENT COMPANY 


431 SO. DEARBORN ST. GHICAGO 5, ILL. 
TELEPHONE: HARRISON 7-3223 
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What's New? 
Editor—Rodger W. Loofbourow 


{Contributions for this column should be sent 
to its Editor, Mr. Rodger W. Loofbourow, Cro- 
baugh Laboratories, 3800 Perkins Avenue, 
Cleveland 14, Ohio.] 


The name of Scope, Inc. has been 
changed to Research and Control In- 
struments, Inc., according to an an- 
nouncement by Jason L. Saunderson, 
President. 
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RCI is planning new instruments in~ 


the fields of direct reading spectrom- 
etry and chromatography. It is ex- 
pected that they will begin to make 
deliveries this fall. The RCI office and 
plant are located at 10 Jefferson Ave- 
nue, Woburn, Mass. 
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The Electronic Calibration Center 
of the National Bureau of Standards 
Radio Standards Laboratory, Boulder, 
Colorado has recently initiated a ser- 
vice for the calibration of waveguide 
reflectors in the microwave frequency 
region. The service is presently of- 
fered in WR-90 waveguide _ size 
throughout the frequency range 8.2- 
12.4 Ge. Calibrations of high accu- 
racy are obtained through the use of 
a modified reflectometer system. The 
waveguide reflectors are calibrated by 
comparison with an NBS-designed 
working standard employing a straight- 
forward method that can be adapted 
for use in other standards laboratories. 
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The National Bureau of Standards 
has discontinued the certification of 
emf of unsaturated standard cells as 
of June 30, 1961. An exception will 
be made for public utilities and other 
agencies having operations of such a 
nature as to require these services 
from the Bureau. This action is in 
keping with the Bureau’s long-stand- 
ing policy of discontinuing certain 
measurement services, which become 
adequately available at other labora- 
tories. The Bureau will continue, how- 
ever, to conduct referee tests or to 
undertake calibration of unsaturated 
cells when special or unusual circum- 
stances are involved. 
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A contract to develop and build a 
rocket-borne spectrometer to study 
ultraviolet energy emitted by stars has 
been awarded to the Perkin-Elmer 
Corporation by the Princeton Uni- 
versity Observatory. 


The special instrument will be car- 
ried above the earth’s atmosphere in 
an Aerobee-Hi rocket to measure the 
U.V. emission of a brilliant star. The 
observation will be recorded at a 
height of 62 to 143 miles above the 
earth during a period of less than five 
min and will be telemetered back to 
earth. 


——— 


The American Society for Testing 
Materials announces the availability 
of a 62 page list of publications in- 
cluding Symposia, Manuals, Special 
Publications, Indexes, Compilation of 
Standards, Charts, Reference Photo- 
graphs, and Reports. More than 300 
items are fully described and forty 
of them are new. This list may be ob- 
tained without charge by writing to 
the American Society for Testing Ma- 
terials, 1916 Race St., Philadelphia 3, 
Pennsylvania. 
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A new glass for calibrating spectro- 
photometers is available from the Op- 
tical Sales Department, Corning Glass 
Works, Corning, New York. 


The filter, No. CS 3-138, has sev- 
eral sharp absorption bands well 
spaced throughout the ultraviolet and 
visible regions of the spectra, 241 to 
2000 mp. Prominent bands are lo- 
cated near 241, 280, 288, and 360 
my. 
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A new polisher-grinder, UNI-POL, 
is now available for fine metallograph- 
ic specimen preparation. It is manu- 
factured by Geoscience Instrument 
Corporation, 142 Maiden Lane, New 
York’32, N.Y, 


The UNI-POL is a versatile ma- 
chine which incorporates an 80-1200 
rpm variable speed control with a 
powerful semiconductor '% hp de 
motor providing constant torque at 
all loads. The pan, lap, polishing 
wheel, and cover can be changed as 
one unit in seconds without dangers 
of contamination. 
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A three-color pyrometer, capable 
of making 1000 temperature deter- 
minations every second, has been de- 
veloped by the National Bureau of 
Standards. 


This instrument forms a spectrum 
of the radiation from the source, 
masks out all but the three required 
wavelengths, and presents these wave- 
lengths to the detector sequentially. 
When operating at high speed it is 
necessary to record the data, with an 
oscilloscope, magnetic tape, or other 
high speed recorder. The three-color 
instrument eliminates certain limita- 
tions in one and two color pyrometers 
and can give temperature readings in 
the 1000 to 3000°C range with an 
uncertainty of about 1%. The cri- 
terion which must be met to insure 
this accuracy is that the emissivities 
are a linear function of the wave- 
lengths selected. Potential applications 
include the measurement of the tem- 
perature of missile components dur- 
ing firing tests, of ablating nose-cone 
materials and of exploding wires. 


Se 


A new direct reading spectrometer 
has been announced as the first pro- 
duct offering of Research and Con- 
trol Instruments, Inc., Woburn, 
Massachusetts. 


This instrument offers three inde- 
pendent optical systems which may 
be used individually or in any com- 
bination. One sample excitation emits 
light to any or all of the systems. The 
optical systems include (1) an Air 
Spectrometer, (2) a Vacuum Spec- 
trometer, and (3) an Auxiliary Spec- 
trograph. 


pach Ian ety ashton nm 


A new X-ray analyzer crystal has 
been developed by the Isomet Corpo- 
ration, Palisades Park, New Jersey. 
This crystal has a 2-d spacing of 26A 
and extends the range of X-ray spec- 
trometers by permitting the analysis 
of the lighter elements. 


Isomet also offers Laser crystals in 
boule form or fabricated rod with 
ends polished optically flat and paral- 
lel. The reflective surfaces are evap- 
orated metallic coatings or multiple 
dielectric layers. Stock crystals in- 
clude ruby and CaFs doped with di- 
valent samarium or trivalent uranium. 
Custom grown crystals such as CaF, 
CdF2, BaFo, and MgFs can be ob- 
tained with activators such as the 
rare earths or the transition elements. 
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Familiar with this infrared spectrum? Then perhaps you can 
recognize it by sight. No? If you have the time, then, you can 
begin the tedious job of making spectrograms of known samples 
until you have the one to make a positive identification. 


Or—you can locate and interpret IR spectra the fast, easy, 
accurate way with the Sadtler Standard Spectra. The file con- 
tains over 19,000 spectra indexed by chemical name, empirical 
formula, molecular structure, also giving you the source of test 
sample as well as its size and nature. A special SPEC-FINDER 
index lists all Sadtler Standard Spectra by an absorption-band 
system. Turn to the section of index listing the strongest band 
and in 2 or 3 minutes you have the serial number of the proper 
standard spectrum. 


Curious? Write for a free pocket-sized Sadtler booklet of the 
most frequently used spectra. Ask for Sadtler Reference 326. 
The complete Sadtler file, of course, enables you to quickly 
identify the most complex compounds . . . like the one shown 
here. (Incidentally, it’s 6-Allyl - o-Cresol!) 


Dependable research for 
Os the chemical industry since 1874. 


The SADTLER . ag fe ar ears LABORATORIES 


FIFTEEN/SEVENTEEN VINE STREET + PHILADELPHIA 2, PENNSYLVANIA 


The Spectral Line 


Editor—S. Richard Wiley 


[News about members and matters of inter- 
est to spectroscopists may be sent to the 
Editor, S. R. Wiley, 1239 Owen Brown Rd., 
Ellicott City, Md.1 


Three new departments have been 
established to provide greater speciali- 
zation within Bausch & Lomb’s ex- 
tensive line of laboratory and indus- 
trial instrument products. The depart- 
ments, to be headed by personnel pro- 
moted from within the sales staff, 
include: Industrial Sales Department, 
Robert L. Grau; Laboratory Sales De- 
partment, David J. Joerger; and Ana- 
lytical and Photogrammetric Sales De- 
partment, James F. Starks. Each will 
report to Herbert J. Mossien, Sales 
Manager, Instrument Division. 


Mr. Grau, a graduate of the Uni- 
versity of Rochester, joined B & L in 
1956. Mr. Joerger, with B & L since 
1949, was graduated from Alfred 
University, and Mr. Starks, Syracuse 
University graduate, has been with 
the Company since 1950. 
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Left to right: David J. Joerger, Laboratory 
Sales; James F. Starks, Analytical and Photo- 
grammetric Sales; and Robert L. Grau, In- 
dustrial Sales. 
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William Driscoll 
has been appoint- 
ed sales engineer 
for infrared-spec- 
trochemical in- 
struments for 
Baird - Atomic, 
Inc. Mr. Driscoll 
in his new posi- 
tion will be re- 
sponsible for the sale of the firm’s 
infrared-spectrochemical instruments 
in Ohio, West Virginia, North Da- 
kota, South Dakota, Illinois, Iowa, 
Minnesota, Nebraska, Wisconsin, In- 
diana, Kentucky, Michigan, and Mani- 
toba and Western Ontario, Canada, 
with sales headquarters located at 540 
North Lake Shore Drive, Chicago, 
Illinois. Prior to his joining Baird- 
Atomic, Inc., Mr. Driscoll was as- 

(Continued on page 11A) 
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: Radiant energy of wavelengths other 
than those defined by the indicated 
w wavelength and slit width. 
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Stray light of Cary Model 14 is less 
thanO.00O1% over much of range, 0.1% 
even at range limits. When spectrophotometers are 


operated close to the limits of their wavelength range, measurements 
are restricted by a combination of weak radiation from the source and/ 
or poor detector sensitivity. In any spectral range, similar problems 
may be caused by absorbing solvents or use of the differential tech- 
nique. Under these conditions, stray light lowers performance because 
it contributes a disproportionate amount to the total energy being 
measured. Also, the important advantages offered by high absorbance 
measurements—reduced errors due to contamination of cell windows, 
uncertainties in path length, etc.—can only be had if stray light is 
minimized. 

For these reasons, the Cary Model 14 has been designed with a 
double monochromator so that stray light is extremely low. Measure- 
ments with excellent accuracy can be made over the entire spectral range 
of the instrument. 

The spectrum illustrates one of the performance tests used in the 
manufacture of the Cary Model 14. A sample with sharp cut-off was 
scanned slowly toward shorter wavelengths, where its transmission is 
negligible. Calibrated optical attenuators were added, at the points indi- 
cated, to the reference beam to extend the absorbance range. A false 
plateau or peak is found above 6.0 absorbance (.0001%T). It is caused 
by stray light, which amounts to less than 1 ppm. 

Stray light is just one of several important criteria on which spectro- 
photometer performance should be based. 
Others include: Resolution, photometric ac- 
curacy and reproducibility ; wavelength accu- 
racy and reproducibility. Because the Model 
14 excels in each of these performance cri- 
teria, many regard it as the finest instru- 
ment of its kind available. For additional 
information write for Data File D24-101. 
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Location of Double Bonds 


Tortorella et al,'') have recently studied the Wagner-Meerwein shown just above the spectrum and from a comparison with the 
reaction on A*-17 methyl androstene-38, 178-diol which could 3a-proton it can be seen that the olefinic region (S=5.4 ppm) 
lead to either compound | or || shown below. The 60 mc/sec NMR contains just one proton, namely the one on C-6. 

spectrum showea conclusively that only the one olefinic proton on 


C-6 (see arrow) was present in the resulting diene, proving that 1) V. Tortorella, G. Lucente, A. Romeo, Annali Di Chimica, 50 
the reaction actually leads to |. The integral of the spectrum is 1198 (1960). 
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sociated with Nuclear-Chicago Cor- 
poration and previously had been en- 
gaged in research activities with the 
Argonne National Laboratory. 


Mr. Driscoll received his B.S. and 
M.S. degrees in Chemistry from Loy- 
ola University of Chicago. He resides 
with his wife and one son in Elm- 
hurst, Illinois. 


Nathaniel Bren- 
ner has been ap- 
pointed Product 
Line Manager for 
Laboratory Gas 
Chromatography 
at the Perkin- 
Elmer  Corpora- 
tion. He has pre- 
viously served as 

2 applications engi- 
neer 18 laboratory supervisor in the 
Instrument Division. In 1957, he was 
appointed a Product Specialist and be- 
came Manager of Applications Engi- 
neering in 1959. Prior to joining Per- 
kin-Elmer, Mr. Brenner was a spec- 
troscopist with the Aero Materials 
Laboratory of the U. S. Navy. He 
received a B.S. in Chemistry from 


Queen’s College, N. Y. 
2 


Dr. Heinrich B. 
Kessler has been 
appointed Product 
Line Manager for 
Laboratory Infra- 
red at the Perkin- 
Elmer Corpora- 
tion. Dr. Kessler 
joined the com- 
pany as Manager 

} of Infrared Plan- 
ning for the Teens Division in 
July 1960. Prior to joining Perkin- 
Elmer he was a sales technologist with 
E. I. duPont de Nemours & Co. He 
received his A.B., M.S., and Ph.D. de- 
grees in Physics from the University 
of Michigan. 


——— i 


Dr. C. L. Grant has joined the 
faculty of the University of New 
Hampshire as Research Associate Pro- 
fessor in the Engineering Experiment 
Station. For the past several years, he 
was in charge of the Analytical Spec- 
troscopy Laboratory for the New 
Jersey Agricultural Experiment Sta- 
tion at Rutgers University. He will 
conduct similar activities at his new 
location. 
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Model 29000 Quantometer’ 


ARL Production Control Quantometer 
for less than $22,000. 


ARL’s “COMPLETE” ECONOMY 


IS MANY THINGS 


ECONOMY OF INVESTMENT —Typical analytical programs 
for under $22,000 with the new Production Control Quantometer — includ- 
ing Model 29000 Spectrometer with Model 28000 Series Modular Source 
Unit and 24100 Recording Console. 


ECONOMY WITH QUALITY— ‘Stability is assured by welded 
steel construction and protective cabinet. All critical components are shock 
mounted. Polyurethane insulation protects against rapid temperature 
changes. Automatic compensator maintains grating alignment. These and 
other features maintain instrument precision to consistently less than 
+0.2% standard deviation. Analytical precision is equal to or better than 
that of standard chemical methods. 


ECONOMY OF DESIGN—ARL’s Production Control Quantom- 
eter laboratory provides maximum flexibility for changes in analytical 
programs. Model 29000 Spectrometer can accommodate 48 phototubes, mak- 
ing possible 48 simultaneous analytical determinations. A choice of one of 
the three available high-dispersion quartz gratings (960, 1200, 1440 
lines/mm) provides optimum dispersion for any analytical requirement. 
The recording console is readily adaptable for use with ARL x-ray fluores- 
cence analyzers at a substantial savings in new equipment. 


ECONOMY OF SPEED—1000 or more accurate chemical deter- 
minations per day are easily possible with the PCQ laboratory. 
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Contact your nearest representative or write for 
full information on ARL analytical equipment. 
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Wavelength range 
205 to 770 mu 


BECKMAN Model DB 


SPECTROPHOTOMETER 
WITH RECORDER 


_..dcuble beam... a.c. operated... high resolution 


A compact, direct reading, double beam/single 
beam instrument designed for ease of operation in 
rapid routine analysis in the range 205 to 770 mu— 
the least expensive and most versatile instrument 
now available in this range. 


Provides excellent resolution in the ultraviolet— 
see Benzene Vapor curve at right—i.e., better than 
0.5 my in the ultraviolet and 1.5 my in the visible. 


Suitable for absorbance, transmittance, or 
differential ratio recording, repetitive scanning, 
reaction rate studies, etc. Completely a.c. line 
operated. Meter reads directly in absorbance 
and percent transmittance. Wavelength dial has 
direct reading linear scale with range 200 to 800 
mu. Amplifier has plug-in circuit boards. 
9098-K10. Spectrophotometer, Beckman Model 
DB, range 205 to 770 my, with tungsten filament lamp, 
hydrogen discharge lamp, and wavelength drive unit for 
scanning speeds of 10 and 40 my per minute. Without 


recorder or power supply for the hydrogen lamp. For 115 
WOE CW COLES, ByGhe cub 0 ana aod boo 0 c8u ce 2,160.00 
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8591. Recorder, Beckman Potentiometric, for 5- 


inch strip charts. With convenient push-button controls. =—— = 
Full scale range adjustable continuously from 10 to 100 = BENZENE VAPOR = 
millivolts. Pen traverses full 5-inch chart width in 1 = 

second. With single drive unit for chart speed of 1-inch =| SLITS: 0.05 mm. = 
per minute. For 115 volts, 60 cycles, a.c....... 500.00 =| SCANNING SPEED: 10 m amin = 
9104-A5. Power Supply Unit, for operation of hydrogen discharge = Z _ == 
lamps {011 15) volts, O0ley.clesisa.Cotrvaclersietcte ele talcientelciterele arte 330.00 = 


230 240 250 260 


SEE OUR 1961 CATALOG 
for detailed description of Model DB and for 10-inch paper width Recorders to 
permit measurement of linear absorbance 
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X-Ray Spectrographic Determination of Thorium in 
e 
Low Concentrations 
J. N. van Niekerkt, F. W. E. Strelow*, and F. T. Wybenga 
National Physical Research Laboratory, Council for Scientific and 
Industrial Research, Pretoria, South Africa 
Abstract TaBLE I. DETERMINATION OF Kg FoR VARIOUS 
A method is described for the rapid determination of small con- ConDITIONS 
centrations of thorium. The thorium is first concentrated on a suitable 
ation exchange resin and then measured directly on an x-ray spectro- Total Amount Present 
sraph. With the experimental conditions employed it is shown that in Exchange System Resin Medium Ka 
che extraction of thorium is practically quantitative. Both column 
und batch extraction methods were investigated, and it is shown that 0.1919 g UsOs AG 1X10 0.5 N (NH-) 2SO:, pH 2 1739 
she latter technique is superior both as regards reproducibility and 0.0480 g UsOs a . 4350 
time of analysis. It is further shown how interference effects due to 0.2814 g ThOz is \ 30.2 
co-adsorbed elements, such as iron, can be overcome by the use of a 0.0711 g ThOz 46.9 
suitable internal standard. From calibration curves so obtained the 0.3501 g ThO: AG sOWXS 0.5 N HCl 10% 
thorium concentration in three unknuwn samples was determined, and LV 1.0 N HCl 2049 
the results are compared with those obtained by chemical analysis. 2.0 N HCl LSS) 
0.0875 g ThOs a 0.5 N HCl Sle 
s it i 1.0 N HCl 17420 
Introduction ee 2.0 N HCl 922 


In two previous communications (3, 4) it has been 
shown how a combination of ion exchange and x-ray 
fluorescence techniques has extended the scope of x-ray 
spectrography to make possible the analysis of trace con- 
centrations of uranium, while maintaining such desirable 
features as speed of analysis, accuracy, etc. In this paper 
it is shown how this technique has been applied to deter- 
mine small amounts of thorium, an element which, in 
trace quantities, very often requires time consuming sep- 
uration procedures such as liquid-liquid extraction, co- 
precipitation, or ion-exchange chromatography before it 
can be determined by conventional methods. 


The method should be useful for the routine analysis 
»f low grade thorium ores or for the determination of 
thorium in higher grade ores by using conveniently dilute 
solutions. 


Extraction of Thorium with Solid Resins 
Anion Exchange Resin 


Since uranium and thorium both form sulphate com- 
plexes and as previous work (4) had shown that the anion 
xchange resin AG-IX, in sulphate form, has a high affi- 
nity for uranium, it was decided to try this resin first as 
1 possible extractant for thorium. On using 2.5 g of dry 
esin, a determination of the equilibrium distribution co- 
fficients (Kq) in acidified 0.25M (NHy4)2SO, (pH 2.5- 
3.0) gave values as shown in Table I. From these results 


+Present address: Research Department, S.A. Iron and Steel Corpora- 
tion, Pretoria 
*National Chemical Research Laboratory 


it is obvious that AG-IX is not a suitable resin for the 
extraction of thorium. 


Cation Exchange Resin 


To obtain more effective extraction, a resin with a 
higher Ka for thorium was necessary. Strelow (1, 2) has 
shown that the cation exchange resins, AG 50WX8 and 
AG 50WX12, in hydrogen form, have a high affinity for 
thorium and can be used for the chromatographic separa- 
tion of thorium from a large number of other elements. 
AG 50 resins are sulphonated polystyrene cation exchange 
resins supplied by the BIO - RAD Laboratories of Ber- 
keley, California and can be obtained in a variety of cross- 
linkings and particle sizes. The Kg values for AG 50WX8** 
using 2.5 g resin (12.5 meq./g capacity) were determined 
and are given in Table I. From the results it follows that 
with these resins the extraction of thorium should be 
much improved. It was therefore decided to carry out 
both batch and column extraction experiments with AG 
SOW X12 resin and to determine the adsorbed thorium di- 
rectly with an x-ray spectrograph. 


Experimental 
Batch Extraction 


For all the batch extraction experiments 2 g of AG 
SOWX12 resin (dry wt) were shaken in a Gallenkamp 
mechanical shaker together with 500 ml of 0.5N HCl 


**The Ka values for AG 50WX12 resin are still higher than those for 


AG SOWX8. 
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containing known amounts of thorium. Unless specified 
otherwise this acid concentration was used throughout. 
The resin was separated by filtering through a sintered 
glass crucible (No. 1 porosity) and washed over into a 
suitable sample holder (5) with 5 ml distilled water. After 
allowing the resin particles to settle for about one min, 
the net Th La; peak was measured (using one min count- 
ing times) on a Philips PW1010 x-ray spectrograph, 
fitted with a high intensity Mo tube, a LiF crystal, and 
a scintillation counter. 


To investigate the effect of shaking times on thorium 
extraction, a solution containing 1 ppm ThO: was used. 
The mean Th La; intensities of triplicate extractions were 
measured and plotted (Figure 1). The cross on this dia- 
gram represents the intensity obtained when shaking for 
1 hr. From the general form of this curve and the close 
agreement (within experimental error) of the intensities 
recorded for 10 and 60 min shaking times, it can be 
inferred that the extraction of thorium under these con- 
ditions is very nearly quantitative. 


The practically quantitative extraction of thorium was 
further demonstrated by carrying out three batch extrac- 
tions with solutions containing 495 + 34g ThOs. Ten 
min shaking times were used, and the resins and solutions 
were subsequently analysed by chemical methods. In every 
case less than 24g ThOs remained in the solution, showing 
that under the chosen conditions the extraction is better 
than 99.5%. In all subsequent batch extraction experi- 
ments a shaking time of ten min was used. 


Although the equilibrium distribution coefficients of 
thorium for AG 50 resins in HCl solutions have been 
determined by Strelow (1), it was felt that the influence 


600 


500 


400 
rd 
7%) 
= 
u) 
on 
7a 
=) 
@) 
O 
300 
200 
@) 2 4 6 8 10 
SHAKING TIME (MINUTES) 
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Fic. 2. INFLUENCE OF HCl CoNCENTRATION ON 
THoRIUM EXTRACTION 


0.5 mg ThO: in 500 ml solution of varying HCl concentration shaken 
with 2 g AG 50WX12 resin for 10 min. 


of HCl concentration on the amount of thorium extracted 
under the ‘present experimental conditions should be in- 
vestigated. Using 500 ml of a solution containing 1 ppm 
ThOy: and, different HCl concentrations, triplicate extrac- 
tions were made and the net Th La; peak was measured 
for the various acid concentrations. The results, which 
are plotted in Figure 2, are in general agreement with 
those obtained by Strelow when it is kept in mind that, 
for example in 4N HCl, only 61% of the equilibrium 
amount of the thorium is adsorbed on the resin in the 
first 10 min. These results again confirm previous con- 
clusions that on using 0.5 N HCl solutions the extraction 
of thorium under these conditions is close to 100%. It 
should be pointed out that even with thorium concen- 
trations as high as 40% of the total resin capacity present 
in the solution, the Kg value of thorium in 0.5 N HCl 
is still about 10° (2) and thus high enough to make the 
extraction of the thorium practically quantitative. 


Apart from operational errors, such as weighing, mea- 
suring, setting, etc. and instrumental instability, there 
are three main sources of error in the method used here; 
these are statistical counting errors, which can be readily 
computed (6), errors due to the non-uniform distribu- 
tion of resin particles in the sample holder and thirdly, 
errors due to the lack of reproducibility in the extraction 
and resin recovery technique. To evaluate these errors, 
batch extractions were carried out on a 1 ppm ThOs solu- 
tion. The standard deviations obtained for stationary and 
redistributed samples, as well as those from ten different 
extractions are shown in Table II. From these values it is 


TaBLeE II. Main Sources oF Error IN THORIUM 
DETERMINATION® 
EE ee eee 


Coefficient of Number 
Conditions Variation of Samples 
Batch extraction, 2.0 (Glaib) 10 


sample stationary 

Batch extraction, 2.2 10 
sample redistributed 

Batch extraction, 
different extractions 

Column extraction, Se . 9 
different extractions 

— eS Se ee eee 
“1 ppm ThO: solution 
" Computed statistical counting error 
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TaBce III. Lingartry oF THortuM CouNT WITH 
CONCENTRATION 


Thorinm added, ppm Net Th Lax peak height, c/s Increment, c/s 


1 554 554 
PD 1104 550 
3 1663 559 
4 2219 556 
5 2807 588 


evident that with this method of extraction good repro- 
ducibility can be achieved. 


@ 


The feasibility of using this technique to establish cali- 
bration curves for the determination of thorium in solu- 
tion is demonstrated by the results given in Table III. 
Here the increments in the net Th Lay peak intensity, after 
extraction of thorium from solution, are given. In all the 
above investigations the peak to background ratio for 1 
ppm ThQz solutions was about 1.6. 


Column Extraction 


When viewed in the light of quantitative separation, 
extraction of an element by means of chromatographic 
ion exchange columns offers distinct advantages over the 
batch extraction process, as for example in certain prob- 
lems where it might be necessary to separate various ele- 
ments on a quantitative basis. The feasibility of applying 
the present method on resin from a chromatographic col- 
umn separation was therefore also investigated. Apart 
from the fact that these investigations were much more 
time consuming than the batch extraction experiments, 
the results obtained (Table IL) were also inferior. The 
relatively high coefficient of variation should probably 
be accounted for by the fact that, because of the high Ka 
value, the top resin layers in the column will be primarily 
responsible for thorium adsorption. This will not only lead 
to additional distributional variations, but also to transfer 
errors should some of the thorium-rich resin grains get 
lost during transfer of the resin from the column to the 
sample holder. 


Because of its greater reproducibilty and speed of 
analysis, the batch extraction technique was used in all 
subsequent investigations. 


Interference by Iron 


The elimination of interelement effects, resulting from 
the co-extraction of foreign elements together with thor- 
ium, was achieved by using a suitable internal standard 
in a manner similar to that previously described (3, 4). In 
these studies increasing amounts of a standard FeCl; solu- 
tion were added to 500 ml quantities of an one ppm ThO, 
solution and these batches were then treated with 2 g AG 
50WX12 resin in the manner already described. After 


TasLe LV. Use or INTERNAL STANDARD TO OVERCOME 
INFLUENCE OF Co-ADSORBED [RON® 


Amount Fe FeKa ThLar BrKa 
added, mg c/s G)s c/s ThLai/BrKa 
0 0) 640 1885 0.34 
18.6 943 616 1811 0.34 
Bye 1873 605 1634 0.37 
SYolee/ Sey) 574 1678 0.34 
74.5 4075 558 1587 0.35 
Osa) 4826 57h 1639 0.35 
130.3 6084 563 1616 0.35 
186.1 7304 518 1427 0.36 


oo eee 
"FeCl; added to 1 ppm ThO: solution 
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TaBLe V. APPLICATION OF PoTasstUM BROMIDE As 
INTERNAL STANDARD FOR THE DETERMINATION 
or THORIUM 


ThO: added, Ratio, 
ppm ThLai/BrKa Increment" 

0) 0.00 

0.40 
i 0.40 

0.38 
2 0.78 

0.37 
5 ey: 

0.38 
4 1.53 

0.40 


5 Leeds) 


"Increase in the ThLai/BrKa@ intensity ratio for the addition of 
1 ppm ThOs. 


extraction, 5 ml of a standard KBr solution (0.5 g/l) 
were added to the resin, and after mixing thoroughly and 
allowing the resin particles to settle in the sample holder 
for about one min, the net Th Lay, Br Ka and Fe Ka peaks 


were counted. 


The suppression of the net thorium peak intensity by 
increasing concentrations of iron as well as the constancy 
of the Th La;/Br Ka intensity ratio (standard deviation 
about 3%) are shown in Table IV. These results fully 
substantiate the use of an internal standard when intro- 
duced in this manner. 


The feasibility of also establishing calibration curves 
in terms of a suitable internal standard is shown in Table 
V. Here solutions containing 1 - 5 ppm ThOs were used, 
and after extraction the resin was mixed in the sample 
holder together with 5 ml of the standard potassium 
bromide solution and the Th La;/Br Ka intensity ratios 
were determined. In a similar manner the influence of 
other coadsorbed cations can be eliminated. 


Analysis of Actual Samples 


Three thorium bearing ore samples were prepared for 
x-ray fluorescent analysis in the following manner: 0.5 g 
samples were boiled for 90 min in 20 ml 70% HC1QOy. 
After filtering, the filtrates were diluted to about 500 ml 
with distilled water, whence the final acid concentration 
of the samples was about 0.5 N. After extracting in the 
usual manner, the resin was mixed with 5 ml of the stan- 
dard KBr solution and the Th La;/Br Ka ratio measured. 
Thorium concentrations were then determined from the 
calibration curve described in the previous section. 


TaBLeE VI. DETERMINATION OF THORIUM IN ORE 
SAMPLES, % ThOs 


Sample Chemical X-ray 


Q 390 0.583 
0.584 0.59, 0.59 
0.580 


Mean 0.582 


Z 409 0.227 
0.225 O22 O22 
O2Z2 


Mean 0.225 


T 568 0.408 
0.406 0.42, 0.43 
0.407 


Mean 0.407 
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The results of duplicate analyses of these samples are 
shown in Table VI, and these may be compared with the 
chemically determined values which are also given. The 
agreement is good and the accuracy is about that which 
is predicted by experiment (+ 3%). 


Conclusion 


The method described in this paper combines the vir- 
tues of both ion exchange and x-ray fluorescence tech- 
niques. The total time needed for an analysis, after the 
sample has been brought into solution, is about 20 min. 
The accuracy obtainable, when analysing for thorium in 
the ppm range, using 500 ml solutions, is about 3%. The 
sensitivity of the method under present experimental con- 
ditions is estimated to be 50 wg ThOs on 2 g of resin 
(std. dev. of 13%). Thus, when using 2 ¢ of resin with 
500 ml solution, it is possible to measure 0.1 ppm ThOs 
with the above accuracy. 


APPLIED SPECTROSCOPY 


The method seems to be ideally suited for the deter- 
nination of thorium in low grade ores and for plant con- 
trol analyses, while modifications of the technique should 
also find useful application in many other fields involving 
ion exchange separation. 
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Some Characteristics of an Ebert Spectrograph” 


S. S. Berman, P. Tymchuk, and D. S. Russell 
Division of Applied Chemistry, National Research.Council, Ottawa, Canada 


Abstract 


Some of the characteristics of an Ebert 3.4 m plane grating 
spectrograph have been examined in order to ascertain the optimum 
conditions for its use in quantitative spectrographic analysis. Of spe- 
cial interest were the higher orders not conveniently reached by many 
spectrographs produced for general analytical work. A limitation on 
the use of high dispersions when the de are or ac spark is employed 
as the excitation source is discussed. 


Introduction 


The Ebert spectrograph, first described in 1889 (1), 
has not been widely used by spectroscopists. Recently, how- 
ever, following its independent rediscovery by Fastie (2), 
there has been a renewed interest in this mounting which 
has resulted in the design of a monochromator (2), a 
spectrophotometer (3) and a spectrograph (4) based on 
the Ebert principle. The spectrograph has been well 
described generally by Jarrell (4), but we have found it 
advantageous to examine closely several of the instrument’s 
characteristics in order to ensure that optimum perform- 
ance is obtained for any particular analytical problem. 
The results of this study are given in the following pages. 


Apparatus 


The spectrograph, a Mark II model, was obtained from 
the Jarrell-Ash Company, Newtonville, Mass. (An optical 
diagram of the instrument is shown in Figure 1.) It was 
equipped with a nominal 6-in., 15,000 lines/in. plane re- 
flectance grating and a bilateral variable slit. The grating 
was blazed to diffract the majority of the light intensity 
into the first and second orders of the visible and ultra- 
violet regions and was masked so that its effective width 
was 4.25 in. The focal length of the 16-in. diam. colli- 
mating mirror was 3.4 m. A 300-mm focal length lens 
was mounted at the slit to ensure uniform illumination of 
the slit. 


*Issued as N.R.C. No. 6500 


A Jarrel-Ash “order sorter” (4) was used in conjunc- 
tion with the spectrograph when work was done in orders 
higher than the first. The “order sorter” is essentially a 
low dispersion spectroscope which projects a vertical spec- 
trum of the source on the slit of the Ebert spectrograph. 
Light of wavelength 2 falls on a specific portion of the 
slit while light of another wavelength, for example 2A, 
falls on a different portion. Since the Ebert mount is 
essentially stigmatic, these two wavelengths produce im- 
ages on the photographic plate at different levels, corres- 
ponding to their position on the slit. In this manner the 
spectrum’ is “sorted” and overlapping orders avoided. The 
height of the spectral lines is determined by the height of 
the “order sorter” slit. For first order work the prism of 
the “order sorter” was slipped out of the light path, trans- 
forming the device into an effective three lens condensing 
system. 


Intensity measurements were made using a low pres- 
sure cadmium vapour lamp as the source. Kodak S.A. No. 2 
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ABLE I. A Typican Ser oF Dispersions AVAILABLE 


At 4000 A 

Dispersion Wavelength 

Order i( Degrees) (A/mm) Range(A) 
1 6.78 yO 2850-5350 
2 13.67 2.45 3375-4825 
3 20.75 MSS 3600-4600 
4 28.20 Teal 3720-4480 
5 36.20 0.81 3795-4405 
6 45.13 0.59 3850-4350 
7, 55.78 0.41 3895-4305 
8 70.90 0.21 3945-4255 


SS EEE EEE 


1otographic plates were used. These were developed for 3 
in with continuous agitation at 68°F in DK-19. The 
nulsion was calibrated by a two-step filter, preliminary 
irve method (5). Photometric measurements were made 
ith a Jarrell-Ash Model 2100 microphotometer. 


Spectral line widths were generally measured with a 
avelling miscroscope, but in some cases the spectra were 
‘ojected on a screen and the line widths measured with a 
thetometer. 


Experimental 


One of the features of the Ebert mount appears to be 
ie ease with which wavelength region change can be ac- 
mplished by simply rotating the grating about its vertical 
cis to bring various wavelengths to focus on the photo- 
‘aphic plate. Since the dispersion of the grating is de- 
sndent wholly upon the angle of incidence for any 
urticular wavelength at the centre of the plate, a series 
- dispersions are readily available by turning the grating 
» various angles corresponding to the various orders of 
lat particular wavelength. 


Table I illustrates the dispersions available in the first 
» eighth orders for the 4000 A line at the center of the 
ate. As the dispersion increases the wavelength range 
railable on a 20-in. plate will, of course, decrease. 


Grating angles as high as 60° have been employed by 
1e authors and the resultant spectra were found always to 
» in focus without having to make any adjustments at the 
it or at the photographic plate. We understand, however, 
at this is not always the case, and, depending on the 
‘ating used, minor adjustments are sometimes necessary 

keep the spectra in focus as the grating angle is in- 
eased. 


ABLE IJ. A COMPARISON OF THE WAVELENGTHS AT THE 
ENTRE OF THE PLATE IN THE WADSWORTH AND EBERT 
MounrtTINGS 


eneral grating equation: n\ = a (sini + sin 6) my 
sx the central ray: Wadsworth Mount, 6 = O and nA = asini 
id Ebert Mount, @ = iand nA = 2 asini. 


Wavelength at Center, A 


LE O0:_ ee 


rom (12) 


rom table supplied with Ebert spectrograph 


i Wadsworth* Ebert” 

Sic 2359 4712 
10° 2943 5881 
pe 3524 7041 
Ae 4100 8199 
16° 4672 9329 
1B? 5238 10463 
20° 5797 11583 
DA 6894 13772 
28° 7958 15900 
Be 8981 17910 
36° 9963 19903 
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As the angle of incidence is increased the effective 
aperture presented by the grating to the collimator de- 
creases according to the cosine of this angle. Thus at an 
angle of 60° only one half of the available light is incident 
on the grating. This loss in intensity can be remedied to 
some extent by increasing the slit width (usually with a 
corresponding loss in potential resolving power), or by 
employing a grating especially blazed for the particular 
wavelength region under study. 


Much higher wavelengths are available than are prac- 
tical with a Wadsworth mount of the same focal length, 
not only because the grating can be readily turned to very 
high angles, but also because identical angles of incidence 
yield twice the wavelength at the center of the plate in 
the Ebert mount. This is immediately obvious when the 
general grating equation is applied to both systems (Table 
Il). 
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Fic. 2. VARIATION OF LINE HaLF-WIDTH WITH 
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The symmetrical arrangement of the Ebert mount re- 
sults in an essentially self-correcting system which should 
produce, at the center of the plate, coma free and almost 
stigmatic images with a one to one correspondence be- 
tween the slit and its image on the plate. To partly check 
this feature the slit was illuminated with essentially non- 
coherent light by focusing the cadmium vapour lamp on 
it by a three lens condensing system. The Cd 3500.00 A 
line was photographed at the center of the plate at various 
slit settings. The results are illustrated in Figure 2. The 
dots on the graph represent experimental results. The solid 
line represents the theoretically half-widths which were 
calculated according to van Cittert (6). Thus we see that 
for line widths which we could conveniently measure (244 
and greater) there was no comatic effect. A more thorough 
evaluation of coma in the instrument is presented below. 


As the image moves away from the center of the plate 
the correcting effects should become less effective. No 
measurements were made in these regions, but we have 
found the images even at the extremities of a 20-in. plate 
to be sharp and quite usable for analytical purposes al- 
though, as we shall see, the coma is much increased at 
low wavelengths and the astigmatism is more pronounced 
at the edges of the plate. 
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Fic. 3. Focat Curves BY THE METHOD OF SEPARATION 
oF BEAMS 


An exact determination of the focal curve and an 
evaluation of the coma in the instrument was made using 
the method of separation of beams as recommended by 
Arrak (7,8). This was done by dividing the surface of 
the grating into four equal sections, preparing the three 
possible masks where nonadjacent areas are left unmasked, 
and exposing focus plates for each mask in the ordinary 
way. The focal curves obtained are shown in Figure 3. 
Curve C, which represents light from the two extreme 
portions of the grating, defines the position of the tangen- 
tial or principal focus. This is a straight line parallel to 
the wavelength axis and shows the entire spectrum from 
2400 A to 4500 A to be in focus at one slit setting, well 
within Arrak’s criterion (7) for proper focussing. 


Curves A and B (Figure 3) are indicative of the ex- 
tent of coma in the instrument, the vertical distance be- 
tween the two being equal to half the length of the char- 
acteristic focal line, /, (the straight line along which the 
rays of an oblique pencil of light are focussed due to the 
comatic aberration). From this distance the width, yo, of 
the comatic line can be obtained since it is 4 tan (4/2), 
where a is the angle subtended by the grating at the focal 
point (tan @/y in our case is equal to 0.0159). 


Further, the comatic defocussing factor, K. = (Ay/ 
Yo) 2, was calculated. Ay is the width of the slit image 
in the absence of aberration and diffraction effects and is 
equal to the slit width in the case of the Ebert mount. 
Knowledge of K. enables one to mask down the grating to 
that factor without materially reducing the intensity of a 
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line yet reducing the background by a factor 1/K,. 
Finally, the coma limited slit width, 


Ay, = AD/K.R = y.!/3424D2/4R 2/3, 


was estimated (8). This is the maximum slit width con- 
sistent with optimum resolving power and intensity. 


The information obtained above has been illustrated 
in Figure 4. Also shown is the optimum slit width, S, for 
the instrument calculated according to Schuster (9), S = 
XF/A, where F is the focal length of the collimator and 
A its effective aperture. It is evident that the optimum slit 
setting is governed by Ay, below 3930 A and by S above 
this wavelength. 


Theoretically, curves A, B, and C should intersect at 
that point in the spectrum which is coma free. For the 
Ebert mount this should be in the centre of the plate as 
mentioned above. Arrak (10) has suggested that the fact 
that the experimental curves do not behave in this manner 
could be due to an error of run in the grating. Behaviour 
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Fic. 5. VARIATION OF REcIPROCAL LINEAR DISPERSION IN 
DIFFERENT OrbeErRs Across a 20-IN. PLATE 


of the curves near the high wavelength end of the plate 
suggests further that this error of run is not uniformly 
progressive. Because of this, and since the mirror in the 
instrument could not be easily rotated about its vertical 
axis, nO attempt was made to cancel the effect by mounting 
the mirror in aberration. 


The dispersion at any point in the focal plane is de- 
pendent on the angle of diffraction. Since the angle of 
diffraction varies across the plate the dispersion can vary 
considerably, as is indicated in Figure 5 that shows the 
deviation in dispersion for the first to seventh orders 
across a 20-in. plate centered at 4100 A. The deviation is 
almost negligible in the first order visible and ultraviolet 
regions, amounting to only about 1.5% across the plate. 
However, at higher grating angles this deviation becomes 
progressively greater. For example, when working in the 
20,000 A region at an angle of 36° the variation across 
the plate is approximately 10%, and in the 30,000 A region 
at an angle of 62° it is as high as 22%. This can be quite 
a handicap when first exploring a new wavelength region 
in the higher orders and necessitates the production of 
wavelength calibration plates (we use an iron spectrum) 
for each region. 


At high grating angles the individual spectral lines 
have an appreciable tilt. This could be quite an incon- 
venience if the microphotometer available has no provision 
for altering its slit to match the tilt of the spectral line. 
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therwise, the spectrograph slit itself must be tilted equally 
1 the opposite sense to bring the lines vertical on the plate, 
1 adjustment which has no effect on the definition and 
solution of the instrument (4). 


Schuster (9) and many other workers have generally 
scommended a slit width $= AF/A as the best com- 
romise combining good intensity with little loss in re- 
ving power. Godfrey (11) has shown that as a slit, 
luminated with noncoherent light, is opened, the intensity 
f a line increases very rapidly at first, followed by a slow 
se. At the recommended slit width the intensity is about 
5% of that of a very wide slit and there is about a 20% 
8s IN Maximum resolving power. Increasing the slit width 
eyond this point should result in but little increase in 
itensity and a marked decrease in resolving power. For 
ur spectrograph illuminated with noncoherent light at 
500 A this slit width is 11m and if the effect of coma is 
onsidered, 14y. 
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IG. 6. VARIATION OF LINE INTENSITY (Cd 3500.00 A) 
wiTH INCREASING SLIT WIDTH 


It was noted, however, that intensities with this instru- 
rent were extremely low at this slit setting and opening 
he slit further resulted in a great gain in intensity. Fol- 
ywing this observation measurements were made to in- 
estigate the variation in intensity of the Cd 3500.00 A 
ne with changing slit width. Measurements were made 
sing essentially noncoherent light. The results of this 
rork are shown in Figure 6. The actual intensities have 
een altered so that the maximum in both cases is roughly 
he same and a smooth curve has been drawn in spite of 
he fact that the deviations from the curve are fairly re- 
roducible. The apparently great deviation from ideality is 
rriking. It has been suggested that this may be due to 
oma and deformation of wavefronts as a result of small 
nperfections in the optics. 


A similar series of measurements made with a Hilger 
urge Littrow quartz spectrograph whose slit was illumi- 
ated with coherent light gave an intensity curve very 
lose to the theoretical curve for this type of illumination. 
\ttempts to carry out a series on another grating spectro- 
raph were unsuccessful, since one could not be located in 
his area with a continuously variable slit. However, three 
oints were measured using a fixed slit mechanism on a 
.4-m Wadsworth spectrograph, and while the results were 
90 few to be conclusive, there were indications of large 
eviations from ideality with this grating instrument also. 
Joncoherent light was employed in the latter case. 
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Fic. 7. VARIATION OF LINE INTENSITY (Cd 2836.907 A) 
IN DIFFERENT ORDERS ON BOTH SIDES OF THE GRATING 
NorMaLt 


As Figure 6 indicates, this deviation represents a con- 
siderable loss of energy at low slit settings, a loss which is 
emphasized when working in the higher orders where the 
light intensity is inherently low because of the small pro- 
portion of light diffracted into these orders by an ordinary 
grating (see below). In these regions it becomes necessary 
to use large slit widths in order to obtain useful intensities, 
resulting both in a loss in resolving power and an increase 
in background radiation. 


Figure 7 shows the variation in intensity of the Cd 
2836.907 A line as the angle of incidence was changed to 
bring the first to tenth orders of this line to the center 
of the plate. Since the grating supplied with the instrument 
was blazed to diffract the great majority of the energy into 
the first and second orders of the ultraviolet and visible 
regions the intensity from the blazed side drops off very 
quickly as the angle of incidence is increased, so that at 
25° it is already negligible. However, for any blazed grat- 
ing there are angles on the other side of the grating normal 
(the unblazed side) which should also give a fair distribu- 
tion of intensities. The reflectivity is much poorer on the 
unblazed side, but as Figure 5 indicates, it is possible to get 
useful intensities at quite high angles. (The intensities 
would be even higher than indicated were it not for the 
fact that the effective aperture of the instrument decreases 
with increased angle of incidence.) In our work with angles 
greater than 23° we always use the unblazed side of the 
grating. This is achieved with the Ebert mount by simply 
rotating the gratigg in a counterclockwise direction rather 
than the normal clockwise direction. 


Although the intensity in the higher orders (unblazed 
side) is about one fortieth of that available in the first 
order (blazed side), in general practice the ratio is really 
not that great since we have found it necessary to screen 
out at least 90%, and quite often 97%, of the light when 
handling normal analytical samples excited in the de arc 
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in the first order. Taking this factor into consideration, 
the useful intensity in the first order (blazed) is really 
only 1 to 4 times that in the higher orders (unblazed). 
This discrepancy can usually be compensated for by using 
larger samples and/or slit widths. Of course, ideally, for 
work in the higher orders a grating blazed for that region 


should be used. 


Some work which we have done concerning the deter- 
mination of thorium in ceria may serve as an illustration 
of the type of work which may be done in the higher 
orders and also point out the severe limitation set by the 
de arc or ac spark to high dispersion work. 


The most sensitive and persistent thorium line at 
4019.137 A can seldom be used for analytical purposes at 
dispersions normally available in the first and second orders 
because of close lying interfering lines due to the many 
elements generally associated with thorium. In this particu- 
lar case there are two cerium lines nearby: a strong line at 
4019.044 A and a rather weak one at 4019.193 A. To 
resolve these lines, according to the Rayleigh criterion, 
requires a resolving power of some 72,000 which should 
not be very difficult with an effective 62,000 line grating. 
Indeed, they are adequately resolved in the second order 
using a 15» slit, but the background is so high in this order 
as to render the thorium line analytically useless. Increasing 
the dispersion should lead to a higher line to background 


ratio, since the background will decrease inversely with the 
dispersion, and, also, the greater resolution obtained should 
facilitate photometric measurements. To obtain, with our 
grating, useful intensities in orders higher than the second 
in the 4000 A region necessitated using the unblazed side 
of the grating normal, and, because of the lower inherent 
intensities in these regions, wider slit widths. 


The top half of Figure 8 shows the microphotometric 
traces obtained in the first to sixth orders of the 4019 A 
group using a 30 slit and the unblazed side of the grat- 
ing normal. The sample consisted of 1 mg of ceria con- 
taining a 5% thoria impurity, burned to completion in a 
de arc. The “order sorter” was used in this work to offset 
spurious lines from other orders and to produce lower 
backgrounds by the removal of superfluous overlapping 
spectra. 


In the lower half of Figure 8 the transmittance values 
have been converted to intensities to present a clearer pic- 
ture of the situation. The group consists of four cerium 
lines and the thorium line. The Ce 4019.193 A line is not 
very evident because of its low intensity but its position has 
been marked in the higher orders. Using the 30, slit, this 
line is not resolved from the thorium line until the fourth 
order, corresponding to a reciprocal linear dispersion of 1.11 
A/mm, is reached. These lines could have been resolved in 
the third order using a smaller slit width, but the grating 


Vout. 15, No. 5, 1961 


0.15 

LZ ° 
nn 
= 
2 5 
= 
& 0.100 & 
= & 
oO 
x 2 
5 i 
= ae. 
a o—— 5 
2 0.050 = 
w 
Fd =z 
= PS 
é Ww 
= 
: | | : 

100 2.00 3.00 4.00 5.00 6.00 


RECIPROCAL LINEAR DISPERSION- A/ MM. 


Fic. 9. VARIATION oF LiInE WwTH (Ce 4019.480 A) 
WITH ReEcrprocAL LINEAR DISPERSION 


does not yield good intensities in this region on either the 
blazed or unblazed sides of the grating normal. 


Beyond the fourth order, the line intensities decreased, 
and although this is not readily evident to the eye, the 
line widths broadened. 


The half-widths of the Ce 4019.480 A line were mea- 
sured and were found to equal the spectrograph slit width 
of 30 in the first four orders (Figure 9) but then in- 
creased in the fifth and sixth orders proportionally with 
the decrease in reciprocal linear dispersion. The same data 
were plotted to represent the half-widths of the line in 
angstrom units on the plate. Beyond the fourth order the 
actual half-width of the line in angstroms was constant. 


These observations would indicate that at reciprocal 
linear dispersions of 1.11 A/mm and smaller the spectro- 
graph 30, slit was no longer the limiting factor in the 
formation of the spectral line image, since the natural 
breadth of the line in these cases exceeded the width of 
the image of the slit on the photographic plate, and the 
image on the plate was that of the spectral line itself and 
not of the slit. Since there is a one-to-one correspondence 
between image and object in this spectrograph it may be 
assumed that the natural half-width of the Ce 4019.480 
A line under the conditions of excitation which prevailed 
in the de arc was 0.033 A. Once the natural line half-width 
has exceeded the width of the slit image on the plate the 
sensitivity of the line, as expressed by the intensity of its 
peak height, must decrease with increasing dispersion, since 
the increased dispersion can only serve to spread the spec- 
tral line intensity over a greater plate area. Of course, 
intensity can always be regained by opening the slit so 
that its image is equal to the spectral line width, but sensi- 
tivity cannot be improved since the background will in- 
crease by the same factor, maintaining the identical line- 
to-background ratio. A still further increase in slit width 
not only reduces the resolution but also decreases the line- 
to-background ratio. 

The maximum resolution obtainable is always limited 


by the natural half-width of the spectral lines under con- 
sideration. The natural breadth of these lines is dependent 


1g, 


upon several factors, but in high temperature sources the 
most predominant by far is the Doppler broadening due 
to the random variations of velocity possessed by the 
emitting atoms with respect to the line of sight of the 
spectrograph. 


In the case of cerium, as has just been demonstrated, 
the line half-widths are of the order of 0.033 A. Using the 
Rayleigh criterion it follows that lines in the cerium spec- 
trum closer than about 0.04 A cannot be resolved, regard- 
less of the resolving power of the spectrograph. This means 
that in the 4000 A region the maximum resolving power 
obtainable is of the order of 100,000 in spite of the fact 
that our instrument has a theoretical resolving power of 
250,000 in the fourth order and 370,000 in the sixth. 


The above example of thorium in cerium is almost an 
optimum case since we were dealing with relatively heavy 
metals and the Doppler broadening varies inversely with 
the square root of the mass of the emitting atom. The 
spectral lines of the lighter elements have considerably 
greater half-widths when excited in the de arc. 


Some observations made in the determination of boron 
in steel bear this out. Although precise measurements were 
not made, it was noted that with a slit of 15 the boron 
lines were broadened even in the first order at a dispersion 
of 5 A/mm and the iron lines were broadened in the sec- 
ond order at a dispersion of 2.5 A/mm. This indicated 
that the half-widths of the lines of these elements when 
excited in the de arc were respectively greater than 0.075 
A and 0.04 A. Accepting this value indicated that in an 
iron spectrum lines closer than 0.05 A could never be 
resolved under these conditions and the most sensitive 
boron line at 2497.733 A would always be analytically 
useless due to the neighbouring iron line at 2497.720 A. 


It should be mentioned that at times it was found ad- 
vantageous to work with low slit widths in the higher 
orders, sacrificing sensitivity in order to gain photometric 
precision due to lower backgrounds. 


Literature Citea 


(1) H. Ebert, Wrepemanns ANN. 38, 489 (1889) 
(2) W. G. Fastie, J. Orr. Soc. Am. 42, 641 (1952) 
(3) W. G. Fastie, H. M. Crosswhite, and P. Gloersen, 
Ipip. 48, 106 (1958) 
) R.F. Jarrell, Isp. 45, 259 (1955) 
(5) G. V. Wheeler, APPLIED SPECTROSCOPY 10, 
11 (1956) 

PMH. van Cittert,,Z. Privs. 65)-547 (1930) 

) A. Arrak, Specrrocuim. AcTa 12, 1003 (1959) 
(SD AwAteakipipn 127 101s Gigs?) 

) A. Schuster, AstropHys, J. 21, 197 (1905) 
(10) A. Arrak, Private communication 
(ll) "Gs He GodireyeAustRamans J- scl. Res. 17 1 

(1948) 

(12) G. R. Harrison, R. C. Lord, and J. R. Loofbourow, 
Practical Spectroscopy, Prentice-Hall, New York, 
1948 


Submitted February 4, 1960, revision received July 17, 1961 


CTR SO 


130 


APPLIED SPECTROSCOPY | 


Far Ultraviolet Spectroscopy. 


ll. Analytical Applications 


Wilbur I. Kaye 


Beckman Instruments, Inc., Fullerton, California 


Abstract 


One of the prime requirements for the use of a spectral region 
for analytical purposes is a library of reference spectra. Since no ade- 
quate libraries exist, the literature since 1941 has been indexed and 
references to spectra are listed by empirical formula. The few pub- 
lished analytical applications of far ultraviolet spectroscopy are dis- 
cussed. With the commercial spectrophotometers that are now available 
it seems certain that the analysts will make frequent use of this region 
in the future. 


Introduction 


The high absorptivities of most compounds and _ the 
characteristic spectra of many gases in the far ultraviolet 
region make this region very attractive for analytical pur- 
poses. However, to date few analytical applications have 
been published. The reasons for this probably reside in the 
instrumental difficulties of obtaining good spectra. Work- 
ing in the region below 1600 A still requires extensive ex- 
perimental labor; however, the region from 1600 to 2200 A 
may now be studied with relative ease and quantitative 
accuracy. This paper attempts to point out the types of 
analytical applications that may utilize the far ultraviolet 
region. 


In the previous paper in this series the modifications 
necessary to operate a Beckman DK spectrophotometer to 
1700 A were outlined (89a). Other instruments capable of 
operation in the far ultraviolet are made by Hilger and 
Watts Ltd., London, England, Jarrell-Ash Co., Newton- 
ville, Mass., and Paul M. McPherson, Acton, Mass. The 
major innovation of the Beckman instrument is automatic 
recording of relative transmittance (or absorbance) versus 
wavelength. 


A number of good reviews of far ultraviolet instru- 
mentation have appeared (33,75,149,162,204). The major 
problems of far ultraviolet absorption spectroscopy are con- 
cerned with the source of radiation, window materials, and 
mirrors. The absorption of air calls for special precautions. 
Most of the far ultraviolet instruments in existence evacu- 
ate the monochromator and use gratings to disperse the 
radiation. The Beckman instrument, on which the spectra 
shown here were obtained, is purged with nitrogen and 
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utilizes a special purity quartz prism. The performance of 
the published instruments varies widely, and few of the 
publications discuss such vital matters as stray light, 
linearity, response, time, etc. 


The Absorption Process 


Absorption of far ultraviolet radiation occurs through 
electronic transition of molecules and atoms. Vibrational 
and rotational transitions may be super-imposed on the 
electronic and are responsible for much of the fine struc- 
ture in the vapor spectra. As shorter wavelengths are used 
the molecules will be excited to higher states and ultimately 
be dissociated and ionized. Spectra may be in the form of 
continua, diffuse, or sharp bands with spacings that may be 
correlated with vibrational modes. Frequently the absorp- 
tion bands become sharper on going to shorter wavelengths. 
The spectrum of iodine vapor is shown in Figure 1, which 
illustrates the nature of far ultraviolet spectra. Cordes has 
analyzed this spectrum (25), and the multi-structured 
band centered at 1825 A would appear as a continuum at 
lower resolution. This spectrum is exceedingly easy to ob- 
tain, since there is just the proper vapor pressure from the 
iodine crystal at room temperature to produce 20-80% 
absorption in a 1 cm cell. Of course the air must be dis- 
placed by a transparent gas. 


Electronically excited states are readily perturbed by 
neighboring molecules; hence the spectra of liquids and 
solids are seldom as discrete as the spectra of vapors. The 
radius of the electron cloud is greater in the excited state 
than in the ground state. Thus the vibrational and rota- 
tional structure is almost always lost on going from the 
vapor to a solution. In this regard the ultraviolet spectra 
are influenced to a much greater extent by solvents than are 
infrared spectra. Figures 2 and 3 illustrate this. In Figure 
2 we see the complex spectra of methyl iodide. Sponer and 
Teller have reviewed the earlier studies on this compound 
(173). The strong band at 2012 A arises through excitation 
of the molecule from the ground state to a first excited 
electronic state. The other bands between 1850 and 2012 
A correspond to excitation at higher states that correspond 
to the same electronic plus vibrational states. The most pro- 
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nounced spacing between these bands is 1090 cm. Bands 
representing one, two, and three quanta of this vibrational 
transition are evident. The band at 2064 A is interesting, 
since it arises through absorption of energy by a vibra- 
tionally excited state. Intensity of this band is strongly de- 
pendent on sample temperature, because the number of 
molecules in the vibrationally excited state is dependent on 
temperature. Absorption of light in the region 1700-1830 
A arises through excitation to a next higher electronic 
state accompanied by vibrational fine structure. The sepa- 
ration of the most pronounced bands in this group corres- 
ponds to a vibration of 1080 cm‘. 


Figure 3 shows the spectra of the methyl iodide dis- 
solved in heptane. All of the vibrational fine structure is 
gone, and we see only two broad bands corresponding to 
excitation to the first two electronic states. 


While ultraviolet absorption bands are not so easily 
identified with specific molecular groups as are infrared 
vibration bands, one can often attribute absorption at a 
given wavelength to a specific group and to a specific atom. 
Thus in the vapor phase all olefins absorb around 1800 A. 
Ketones absorb at 1950 A. Organic iodides absorb around 
2000 A. Bromides absorb around 1850 A. Inorganic iodides 
in aqueous solution absorb at 1950 and 2250 A. Replace- 
ment of hydrogen in an absorbing molecule by CHs or 
some other aliphatic group usually displaces absorption 
bands to longer wavelengths. Bands may be displaced to 
longer or shorter wavelengths when dissolved in solvents 


(250). 


In order to make a distinction among individual mole- 
cules within a class such as between dimethyl and methyl 
ethyl ketones, it is necessary to examine the vibrational 
fine structure. Obviously this must be accomplished by ex- 
amining vapor phase spectra. In the liquid phase only small 
differences may be seen in the exact position of the band 
maxima. 


A number of reviews of the absorption process occur- 
ring in ultraviolet spectra may be found (17,88,129,130, 
$90,199,215). 


The intensities of far ultraviolet bands (above 1700 A) 
ut their maxima generally run from 2000-120,000 L/mol- 
em or 90-5400 cm. A few representative values are given 
in Table I. The values are for vapor phase spectra except 
for naphthalene and anthracene. The agreement among 
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published intensity values on the same compound is rather 
poor. Jones and Taylor show values differing by +39% 
(88). This is probably due to varying resolution among the 
instruments used, although the conditions of pressure and 
temperature have an effect on absorptivity. 


The calculation of minimum detectable concentration 
or pressures may be interesting. A gas having an absorptiv- 
ity of 5000 cm? would absorb 2% of the light (A = 
0.01) in a 2 m path (typical optical path through a 
Littrow monochromator of 50 cm focal length) at a pres- 
sure of 10°° atm. If such a gas were present in a non- 
absorbing matrix such as nitrogen, hydrogen of the noble 
gases, one could easily detect 0.01 ppm. Of course, when 
one must use a shorter optical path, a less absorbing analyte, 
or a more absorbing matrix, the sensitivities may be con- 
siderably reduced. 


Reference Spectra 


Possession of a “library” of reference spectra is usually 
a prerequisite for widespread use of a spectral region for 
analytical purposes. Unfortunately there are no libraries 
of far ultraviolet spectra equivalent to the one of the 
American Petroleum Institute or Friedel and Orchin* col- 
lections of near ultraviolet spectra. A few publications con- 
tain limited collections. The atmospheric gases have been 
reported by Watanable et al (220). Jones and Taylor re- 
ported the spectra of many unsaturated and aromatic hy- 
drocarbons (88). Klevens and Platt recorded many solu- 
tion spectra (248), and Ley and Arends studied a number 
of solutions to about 1850 A (99). However, for the spec- 
tra of many compounds one must go to original publica- 
tions. Fortunately, the review articles by Sponer and Teller 
cover the inorganic compounds reported prior to 1941 
(173). The review of Platt and Klevens itemizes the or- 
ganic compounds studied prior to 1944 (129). 


Tasie I. MoLtar ABSORPTIVITIES IN THE FAR ULTRAVIOLET 


REGION 
Com pound L/mol-cm Wavelength, A Reference 
Olefins 
Ethylene 33,000 1704 DIT 
Propylene 13,000 1710 88 
Dienes 
1-trans-3-Pentadiene 27,500 2148 88 
Aromatics 
Benzene 109,000 1791 88 
Naphthalene 122,000 2210 88 
Anthracene 21,500 1885 88 
Aldehyde and Ketone 
Formaldehyde 18,000 1750 43 
Acetaldehyde 10,000 1815 97 
Acetone 9,000 1950 7 
Ethers 
Diethyl ether 2,000 1880 66 
Divinyl ether 15,600 2030 66 
Furan 31,000 UIs 221 
Halogens 
Methyl iodide 20,000 2013 6a 
Ethyl bromide 10,000 1700 6a 
Miscellaneous 
Oxygen 500 1700 219 
Water vapor 3,000 1700 218 
Nitric oxide 900 1830 220 
Ammonia 12,000 1940 220 


*R. A. Friedel and M. Orchin, Ultraviolet Spectra of Aromatic Com- 
pounds, John Wiley & Sons, New York, 1951 
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Tables II and III list references to far ultraviolet ab- 
sorption spectra of compounds by empirical formula. With 
a few exceptions only the papers appearing since 1941 are 
included. The inorganic compounds are given in Table II, 
and organic compounds are listed in Table II. All com- 
pounds containing carbon are listed as organic except for 
a few carbonates. In order to conserve space, isotopic (ex- 
cept deuterium) and some types of isomeric compounds 
are not listed separately. Compounds not readily classified 
by empirical formula (mixtures and polymers) are listed at 
the end by common name. 


Unfortunately, the experimental difficulties in obtain- 
ing far ultraviolet spectra have forced the publication of 
many rather poor spectra. Anyone using the published 
spectra must consider the possibility of large amounts of 
stray light. Resolution varies drastically among instruments 
used by different authors. Many spectra below 1650 A 
have been deduced from absorption data obtained at certain 
discrete emission wavelengths of the source used. Absorp- 
tion information at intermediate wavelengths may be com- 
pletely unknown. 


TaBLe II. REFERENCES TO FaR ULTRAVIOLET SPECTRA OF 
INORGANIC COMPOUNDS 


Formula Name State A, A Reference 

A Argon 203 
AgBr Silver bromide Film 800-1600 95 
AgCl Silver chloride Film 800-1600 95 
Film 1100-2000 169 

Al Aluminum Film 6-220 183 
Film 150-400 3 

Film 450-1250 208 

AIF Aluminum monofluoride Vapor 9 
Vapor 1250-2000 11 

Vapor 1300-2000 164 

AlsF2SiOs Topaz Solid 1550 22 
AlsO3 Sapphire Solid 1500-2100 13 
Solid 1425 22,45 

Solid 1500 55,5 6,90 

BF Boron monofluoride 1900-2100 PN MPSS 
B:H3N3Clg_ B-Trichlorazole Solution 1700-2300 153,248 
BsHeNs Borazole Solution 1700-2250 131,248 
BaCl, Barium chloride Solid 1100-1800 169 
BaF, Barium fluoride Solid 1345 23 
Be Beryllium Film 60-220 183 
Bi Bismuth Film 475-1250 207,208 
BrH Hydrogen bromide Vapor 142,154b,156 
BrF Bromine fluoride Vapor 1560-1760 19 
Bre Bromine Solution 1850-2200 14 
CaH.SOs Gypsum Solid 1620 22 
CaCl: Calcium chloride Solid 1100-1800 169 
CaF Calcium fluoride Solid 1100-1600 22,55,56,90, 
94,167,169 

CIH Hyrogen chloride Vapor 1350-2100 142,154a,156 
Cl. Chlorine Vapor 1070-2100 98 
Cs Cesium Film 1850-4400 233 
CsBr Cesium bromide Solid 1100-2000 169 
€sGl Cesium chloride Solid 1100-1800 169 
CsF Cesium fluoride Solid 1100-1600 169 
Cu Copper Vapor 1200-1430 52 
CuCl, Copper chloride Solid 1100-2000 169 
D2 Deuterium Vapor 1215 246 
FH Hydrogen fluoride Vapor 1540-1820 157 
Vapor 1500-1650 166 

F2 Fluorine Vapor 807-1036 73 
Ga Gallium Vapor 1500-1650 47 
GeO Germanium oxide Vapor 1250-2000 9,10,163 
He Hydrogen Vapor 400-1300 20 
Vapor 480-880 134,188 

Liquid 1300- 203 

He Helium Vapor 504 7120 
Hg Mercury Vapor 1849 216 
Solution 2537 127 

HgBrz Mercuric bromide Vapor 1813-1861 173 
HgCl: Mercuric chloride Vapor 1670-1730 173 
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INoRGANIC CompouNpDs— (Continued ) 


Formula Name State A, A Reference 
IH Hydrogen iodide Vapor 142,154b,156 
I, Iodine Solution 1850-2200 14,59b 

Vapor 1500-1950 25 
In Indium Vapor 1650-1757 48,242 
Vapor 1758 eal 
Film 475-1230 207,208 
K Potassium Film 1850-3150 233 
KBr Potassium bromide Solid 1100-2000 22,169 
Solid 1700-2500 198 
KCl Potassium chloride Solid 1100-1800 169 
Solid 1750 22 
Solid 1850-2300 41,126 
Film 950-1700 67 
KF Potassium fluoride Solid 1100-1600 169 
KI Potassium iodide Solid 1100-2400 169 
Solid 1700-2500 198 
KMg:;AlISi;- 

OwF2 Mica Solid 2000 136 
Li Lithium Film 1850-2050 233 
LiBr Lithium bromide Solid 1100-2000 169 
LiCl Lithium chloride Solid 1100-1800 169 
LiF Lithium fluoride Solid 1000- 22,169 

Solid 1200-1600 167,168 

Solid 1500- 55,56,82 

Lil Lithium iodide Solid 1100-2400 169 
Mg Magnesium Vapor 1620 29 
Film 120-300 183 

MgAl.O2 Spinel 1840 90 
MgBr2 Magnesium bromide Solid 1100-2000 169 
MgCl. Magnesium chioride Solid 1100-1800 169 
MgF:, Magnesium fluoride Solid 1100-1400 37,169 
MgO Magnesium oxide Solid 1600-3200 87 
Solid 900-2100 154 

N Atomic nitrogen Vapor 400-750 40 
NHs3 Ammonia Vapor 374-1300 178 
Vapor 850-2300 36 

Vapor 1050-2150 220 

Vapor 1590-2570 196 

; Solution 1800-3000 99 

NH.Cl Ammonium chloride Solution 1800-3000 99 
NO Nitric oxide Vapor 150-1100 59 
Vapor 374-1300 179 

Vapor 1050-2300 109,112,220 

Vapor 1300-1500 187,189, 

190,202 

Vapor 1670- 12,157.05 

181,231 

Solid 1600-2400 58 

NOCI Nitrosyl chloride Vapor 1000-2200 144 
NO: Nitrogen dioxide Vapor 1000-2200 144 
Vapor 1080-2700 119 

Vapor 1350-2050 116,117 

NS Nitrogen sulfide Vapor 35 
Np Nitrogen Vapor 150-1000 6,27 
Vapor 300-1300 222 

Vapor 750-990 234,235,236 

Vapor 900-1050 135 

Vapor 1000-2000 171,184, 

193,230 

Vapor 1215.7 140 

Vapor 1689-1729 256 

Liquid 203 

N:O Nitrous oxide Vapor 167-1000 4 
Vapor 1080-2100 220,238 

Vapor 1400-2100 15:5, 159 

Solid 57,160 

N:O2 Nitrogen dioxide Solid 1600-2400 58 
Na Sodium Vapor 1600-2412 30 
Film 1850-2100 233 

NaHCO; — Sodium bicarbonate Solution 1800-3000 99 
NaBr Sodium bromide Solid 1100-2000 169 
Solid 1700-2500 198 

NaCl Sodium chloride Solid 1100-1800 169 
Solid 1750-2200 22,41 

Film 950-1700 67 

NaF Sodium fluoride Solid 1100-1600 169 
Nal Sodium iodide Solid 1100-2400 169 
Solid 1700-2500 198 
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and they must not “leak” if placed in an evacuated cham- 
ber. Vapors leaking from a sample cell may wander into 


— the reference channel of a double beam instrument causing 


Formul. ; : : : 
ee Name State A, A Reference a marked increase in noise. 

Nak Eutectic Liquid 2100-3400 2 : ; ae ; 

NaxCOz —_ Sodium carbonate Solution 1800-3000 99 When working with liquid samples, one is usually 

OD: Heavy water Liquid 1850-1900 239,251 obliged to use very short optical path cells because of the 

OH: Water ee 160-1100 5 high absorbance of solutes and solvents. The sandwich type 

sy alee that te af cells familiar to the infrared spectroscopists are most use- 

Vapor 200-500 2 : 3 : 
Vapor 900-2000 72 ful, since they are readily cleaned and can be easily made 
Vapor 1060-1860 218,220 into any optical path greater than 0.03 mm. Windows of 
Vapor 1215 140 suprasil, synthetic quartz (plane of the window must be 
Vapor 1400-2000 225 


Sew wht aps ORT normal to the optic axis), or lithium fluoride may be used, 
83 In order to prevent fracturing, the lithium fluoride win- 


Liquid 1700- 90,239,251 dows must be thicker than those of silica, and all of the 
| O» Oxygen Vapor —- 100-1000 1 cells studied have shown greater absorption than those of 
shal Pac ek suprasil above 1700 A 
Vapor 300-1300 223 Pray @ . 
sea “yore abe Solutions can be studied to about 1720 A without un- 
Vapor 1000-2000 171,219,220 due trouble. Fortunately two solvents of widely varying 
Vapor 1200-1500 217 polarity, water and n-heptane, are among the most trans- 
Vapor = 1215 140 parent liquids. Of course they must be pure. The hydro- 
Vapor 1300-1800 —31,96,59a ; 
Vapot 1750 ees carbons are most easily purified by passage through a col- 
254,255 umn of activated silica gel (90,91). The oxygen normally 
Vapor 1920- 26,50,152 dissolved in liquids should be removed (68). Even in a 
Solution 1900-2400 Een? highly refined state all solvents will absorb somewhat; the 
Solid 1500-2000 161 , ae 
effect of this residual absorbance may be minimized by 
Os Ozone Vapor 26-1305 123 using thin optical paths. Figure 4 shows the spectra of 
Vapor 1000-2200 144,192,220 several of these solvents in the thinnest practical cell (0.03 
5 gs cede: mm). In the case of marginal performance with aqueous 
PO Phosphorous oxide 35 qe 3 b hehct d ‘ ‘de | 
ps Biccoicons salads fe solutions it may be worthwhile to use deuterium oxide in 
| Pe Phosphorous 35,241 place of ordinary water. The absorption edge is displaced 
Rb Rubidium Film 1850-3600 233 about 30 A to shorter wavelengths relative to ordinary 
| geld ee eee Weer Sclid = 1100-2000 ye water. Highly purified perfluorinated solvents can be used 
RbCl Rubidium chloride Solid 1100-1800 169 pda A (91.137). H h =f 
| RbE Rihilien lusude Solid 1100-1600 169 to about 1565 (Dil de owever, these materials sat- 
Rb Rubidium iodide Solid 1700-2500 198 urate at very low concentrations, and the cells usually have 
S Sulfur Vapor 1650-1850 106,107,224 to be dismantled to clean after use. Argon, nitrogen, and 
bap Pre eeronnde Become 1200-2008 pe: hydrogen may be compressed and cooled to the liquid state 
| SF, Sulfur hexafluoride Vapor 780-1850 101,121 4 | f k 1300 A (203). Purified 
SO» Sulfur dioxide Vapor 1000-3000 143 and serve as solvents for work to (203). Purifie 
Vapor 1650-2200 62 methanol may be used to 1850 A and acetonitrile can be 
| SeH2 EP eCESs selenide Vapor 1200-2000 148 used to about 1780 A. Many saturated hydrocarbons may 
Si Silicon 1000-2000 171 on h 
e author has found n-heptane best. 
 SiF Silicon monofluoride Vapor 1870-1960 86 be used; tee a fk iff A i ial 5 
SiO Gell oop EW Vapor 1250-2000 9,10 Higher molecular weight hydrocarbons contain greater con- 
Film 150-1200 3 centration of impurities. Lower molecular weight hydro- 
1250-2000 163 carbons suffer from volatility. In thin cells highly volatile 
SiOz Silica Fused 1463-1633 22,163 eae A : 
5 er the slightest provoca- 
Peed. teboeen 1928.44.46. liquids form bubbles of vapor un g p 
90 tion. 
SiO. Creer Civne Careful attention must be given to the use of refer- 
talline 1463-1633 139 ence cells in double beam operation. One must not push the 
1500- 38,46,31,90, use of solvent compensation beyond the bounds of safe 
ee , operation with regard to stray light. Thus aqueous solutions 
I Sry Vie Vapor 1600-1800 49,51 in 0.1 mm thickness should not be scanned with a com- 
Film 450-1230 207,208 
|SnO Stannous oxide Vapor 1250-2000 9,10 100 
SnS Stannous sulfide Vapor 1500-2000 8,9 
| TeH2 Hydrogen telluride Vapor 1200-2000 148 
‘Ti Thallium Vapor 1450-2030 110 A. n-HEPTANE 
|ZnClz Zinc chloride Solid 1100-2000 169 a B. DEUTERIUM OXIDE 
C. WATER 
Technique ZT PTs 
pe : cm 
_ The problem of obtaining good spectra to 1700 A is 50 
inot much different from that of near ultraviolet spectra, REFERENCE - SILICA PLATE 
but one must give added attention to cell matching and 


solvent purity. As one proceeds to shorter wavelengths, 
technical difficulties increase. Of course, atmospheric ab- 
sorption must be eliminated either by purging or evacua- 
tion. There are no serious problems with containment of 
the sample when working to 1650 A or even to 1200 A aa rer Tina Ware sar 
with good lithium fluoride windows; however, in some 
‘cases the sample cells must have very short optical paths, 
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pensating cell filled with water at wavelengths below 
about 1770 A in the far uv DK instruments, because the 
slits will open rapidly and the pen will balance entirely 
on the stray light signal received by the detector. It is 
wiser to run such absorbing solutions relative to a silica 
plate. In this regard it should be noted that the major light 
losses on passing light through an empty cell are caused by 
reflection losses from cell surfaces. The refractive index of 
quartz at 1700 A is 1.72 from which one can compute a 
reflection loss of 7% at each interface (normal incidence). 
Since the actual light lost through absorption in suprasil 
windows, 2 mm thick, amounts to less than 5% at 1700 A, 
it is apparent that one would be better off using a single 
plate of suprasil as a reference rather than an empty cell. 
This plate should have a thickness equal to the sum of the 
two sample cell windows. In studying a solution one should 
run a spectrum of the solvent and then one of the solution 
relative to the silica plate. No difficulty should be experi- 
enced in estimating the actual stray light level, since the 
water spectrum will go through a minimum and gradually 
rise as the wavelength is shortened. Any transmittance read- 
ing at wavelengths shorter than the minimum is due to 
stray light, and in fact is a direct quantitative measure of 
stray light. This effect is evident in the extreme left end of 
Figure 7. 


In handling gases the usual precautions of using vac- 
uum tight cells must be observed. Leakage of air into the 
cell can usually be detected from the oxygen absorption 
bands in the 1750-1850 A regions. If a mercury manom- 
eter is used to indicate pressure, the atomic absorption lines 
of mercury at 1849 and 2536 A will be observed. Vapors 
of pump oil can be troublesome with long sample paths. 
When using very short path cells of small volume, one may 
experience considerable difficulty in obtaining known pres- 
sures of sample gas due to absorption on cell walls. Under 
these conditions it may be advantageous to use a flow 
through cell and continually circulate gas at a constant 
pressure through the cells. 


Finally caution must be exercised with regard to sample 
purity. It is not unusual to find that an impurity may 
possess an absorptivity 10 to 1000 times greater than the 
pure samples in question; hence will cause trouble even at 
very low concentration. Furthermore, the energetic far 
ultraviolet light may decompose the sample. This factor is 
of particular significance, when the sample is placed in the 
entrance optics or when the sample floods the entire mono- 
chromator. Sample decomposition has not been detected in 
working with the far uv DK instruments. In this instru- 
ment the level of light intensity passing through the 
sample is very low since the sample is in the exit optics. 


Analytical Applications 


The two major factors of concern in selecting a spec- 
tral region for analysis are specificity and sensitivity. On 
both of these counts the far ultraviolet region has much 
to offer for the study of gases. With the exception of the 
rare gases, hydrogen, nitrogen, and saturated hydrocarbons, 
virtually all of the inorganic gases and organic vapors 
absorb in the 1700-2200 A region. The absorption spectra 
are often very detailed. In the case of liquids the specificity 
of far ultraviolet spectra is about the same as that for the 
near ultraviolet liquid spectra. 


Most of the papers in the literature have dealt with 
some interpretation of molecular structure. While many of 
these articles have pointed out analytical applications, few 
actually document an analysis. The few that have been 
reported are outlined here. 
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OF ORGANIC COMPOUNDS 
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Formula Name State AN, A Reference 
C Carbon Vapor 1000-2000 171 
CHO:Na _ — Sodium formate Solution 1800-3000 99 
CHCIF, Chlorodifluoromethane Vapor 1150-1750 174 
CH71; Chloroform Solution 1700-2100 248 
CHF; Fluoroform Vapor 770-1430 176 
CHN Hydrogen cyanide Vapor 1000-2000 145,247 
CH:O Formaldehyde Vapor 1540-2000 43 
CH:-O:2 Formic acid Solution 1800-3000 99 
CH2F2 Methylcue fluoride Vapor 535-2200 206 
CH; (CD); Methyl radical Vapor 1300-2200 245 
CH,F Methy] fluoride Vapor 770-1430 176 
CHI Methyl iodide Vapor 1650-2200 62,6a 
GHk Methane Vapor 350-1600 32,178 

Vapor 1050-1600 115,150,220 
Vapor 1400-2000 225 
CHO Methanol Vapor 500-1300 124 
Vapor 1670-2000 65 
CH ON: Urea Solution 1800-3000 99 
CHLS Methanethiol Vapor 1200-2000 148 
CH;N Methylamine Vapor 1590-2560 196 
Vapor 1986-2525 69 
CCI-F2 Freon Vapor 1100-1950 174 
CCl: Carbon tetrachloride Solution 1700-2000 248 
CF, Carbon tetrafluoride Vapor 1334-2000 115 
CO Carbon monoxide Vapor 374-1306 17 
Vapor 884 182 
Vapor 1050-2500 103,186, 
194,220 
Vapor 1230-1750 244 
CO: Carbon dioxide Vapor 374-1306 177 
Vapor 1050-1800 74,220 
Vapor 1245 140 
Vapor 1400-2000 225, 
Solution 1950-2400 68 
CS Carbon disulfide Vapor 856 195 
Vapor 1000-3000 143 
Solution 1700-2200 248 
C:HCls Trichloroethylene Vapor 209 
C2H2 Acetylene Vapor 780-1850 121 
e Vapor 1000-2000 114,145,232 
Vapor 1970-2470 76 
Vapor 2200 77 
C:H:O Ketene Vapor 1300-1830 151 
C2H202 Glyoxal Vapor 1300-2800 212 
C:H:O; Oxalic acid Solution 1800-3000 99 
C2H2Cls 1,2-Dichloroethylene Vapor 209 
C2H2Cls 1,1-Dichloroethylene Vapor 1100-2100 197 
C2H;O:Na’ Sodium acetate Solution 1800-3000 99 
C:H;Cl Vinyl chloride Vapor 209 
CoHy Ethylene Vapor 1060-2000 237 
Vapor 1300-1500 229 
Vapor 1400-2000 63,225 
Vapor 1500-2050 88,133,226 
C:H.O Ethylene oxide Vapor 600-4000 100 
Vapor 1100-1800 104 
Vapor 1540-2000 43 
C:H-O Acetaldehyde Vapor 1520-2000 o7.2ie 
C2H-O2 Acetic acid Solution 1700-2450 99,128, 
165,248 
C:H;ON Acetamide Solution 1800-3000 99 
C:H;O.N Glycine Solution 1800-3000 99,248 
Vapor & 
C:H;Br Ethyl bromide Solid 1650-2400 6a 
Vapor & 
CHsI Ethyl iodide Solid 1652-2400 6a 
CoHe Ethane Vapor 1550 90,150 
C2HsO Dimethyl ether Vapor 1600-1950 66 
C:H;.O Ethanol Vapor 500-1300 124 
Vapor. 1670-2000 65 
Liquid 1760-2100 90 
C2H;N Dimethylamine Vapor 1590-2560 196 
Solution 1700-2400 248 
C2H;N Ethylamine Vapor 1590-2560 196 
C:O:Naz Sodium oxalate Solution 1800-3000 99 
C2Cly Tetrachloroethylene Vapor 209 
C2CloFy Tetrafluoro- 
dichloroethane Vapor 1100-1950 174 
C.N2 Cyanogen Vapor 1000-2000 145 
C;H3N Acrylonitrile Solution 1700-2200 248 
C3Hy Allene Vapor 1200-2030 180. 
C3H¢ Methylacetylene Vapor 1000-2000 145 
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Formula Name State Ny AX Reference 
C;HsO Acrolein Vapor -1900 210 
C;H;Cl Chlorocyclopropane Vapor 1670-1920 39 
C3He Propene Vapor 1680-1920 88 
C3He Cyclopropane Vapor 600-2200 205 
C3H6O Acetone Vapor 1500-2000 71,97 

Solution 1720-2000 128,248 
C:H.O Trimethylene oxide Vapor 1540-2000 43 
C;HsO3 Dimethyl carbonate Solution 1800-3000 99 
C;H;ON Propionamide Solution 1750-2000 200 
C;H;O.N Urethane Solution 1800-3000 99 
-C;H;O.N Alanine Solution 1800-3000 99 
C3H;O 1-Propanol Vapor 500-1300 124 
Vapor 1670-2000 65 
Solution 1730-1980 128 
Solution 1540-1820 248 
C3HsO 2-Propanol Vapor 1670-2000 65 
C3:3H>N Trimethylamine Vapor 1590-2560 196 
Solution 1700-2500 248 
~C3Hi2.N;Bs B-Trimethylborazole Solution 1700-2300 153,248 
N-Trimethylborazole 
C:He Diacetylene Vapor 1000-2000 145 
C-/H2N2Cl, 2,4-Dichloropyrimidine Solution 1700-3000 248 
C:.H:O Furan Vapor 1050-2150 221 
Solution 1700-2300 248 
~C-H:iON2 Methylpyridazone Solution 1800-3000 248 
C-H:04Na_ Sodium succinate Solution 1800-3000 99 
C-HiN2 Pyridazine Solution 1720-3100 248 
C-HiN2 Pyrimidine Solution 1720-3100 248 
C:HiNe Pyrazine Solution 1720-3100 248 
C-Hus Thiophene Solution 1700-2500 248 
C:H;O:N — Succinimide Solution 1750-2000 200 
CsHsN Pyrrole Solution 1700-2400 248 
C.He 1-Butyne Vapor 1680-1900 88 
C-He 1,2-Butadiene Vapor 1680-2100 88,248 
C:He 1,3\-Butadiene Vapor 1650-2200 66,88 
Solution 1700-2400 248 
C-He Cyclobutene Vapor 1560-2500 102 
CiHs6O Crotonaldehyde Vapor -1900 210 
C,H.O Divinyl ether Vapor 1600-2500 64,66 
C:H.O: Diacetyl Solution 1700-2200 248 
(Ashes Crotonic acid Solution 1700-2400 165,248 
C-H;O:N2 Glycine anhydride Solution 1780-2300 248 
C:HsO; Acetic anhydride Solution 1800-3000 99 
CiHsO;N2 Glycine anhydride Solution 1800- 60 
CiHe6Oz Dimethyl] oxalate Solution 1800-3000 99 
CiH6O1 Succinic acid Solution 1800-3000 99 
C:H; Methylcyclopropane Vapor 600-2200 205 
C-Hs 1-Butene Vapor 1680-1950 88 
C-Hs 2-Butene Vapor 1560-2220 53,88 
C-Hs 2-Methylpropene Vapor 1680-2100 88 
C-H;O Methyl ethyl ketone Solution 1740-2500 128 
C-H;sO Tetrahydrofuran Solution 1800-2000 248 
C-HsO:2 Ethyl acetate Solution 1800-3000 99 
G:H;O2 Butyric acid Solution 1800-3000 99 
C-HsO2 Dioxane Solution 1820-2000 248 
CsH»ON Isobutyramide Solution 1750-2000 200 
CsH,Cl n-Butyl chloride Solution 1700-1900 248 
C-HwO n-Butanol Vapor 500-1300 124 
| Solution 1730-2000 128 
| C-Hy0 sec. Butyl alcohol Solution 1730-2270 128 
| C-Hi0O tert. Butyl alcohol Solution 1815-1980 128 
| C:HieO Diethyl ether Vapor 1600-1950 66 
| Liquid 1980 90 
| CHO, —_Butyric acid Solution 1900-2340 128 
~ CsHiO2FP Isopropyl methyl Vapor 1150-1650 174 
| phosphonofluoridate 
| CsHiiN Diethylamine Vapor 1590-2560 196 
Solution 1800-3000 Oe) 
C;HuN Isobutylamine Solution 1700-2300 248 
C.F Perfluorocyclobutane Liquid 1860 90 
CsHiO2 Furfuraldehyde Vapor 1600-2600 211 
CsHsN Pyridine Vapor 1100-2200 147 
CsHe Methylcyclobutene Vapor 1560-2500 102 
CsHe Cyclopentadiene Vapor 1760-2000 175 
Solutien 1780-2500 248 
| CsHeNz 3-methylpyridazine Solution 1800-3300 248 
| CoH:O2N Glutarimide Solution 1750-2000 200 
CsH;0:.N  Methylsuccinimide Solution 1750-2000 200 
CsHs 1,2-Pentadiene Vapor 1680-2100 88 
1,3-Pentadiene Vapor 1680-2400 78,88 
Solution 1700-2500 248 


— 
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Formula Name State vN, A Reference 
CsHs 1,4-Pentadiene Vapor 1650-2000 66,88 
CsHs 2,3-Pentadiene Vapor 1680-2120 88 
CsHs 2-Methyl-1,3-butadiene Vapor 1680-2280 78,88 
CsHs Cyclopentene Vapor 1680-2100 88 
CsHs 1-Methylcyclobutene Vapor 1560-2500 102 
CsHsO 2,3-Dihydropyrane Solution 1700-2200 133,248 
CH» 2, Methyl-1-butene Vapor 1560-2500 102 
CsHyO2N Proline Solution 1800-3000 99 
CsAio Cyclopentane Liquid 1725 90 
CsHio 1-Pentene Vapor 1540-2200 170 

Vapor 1680-1950 88 
CsHio 3 Methyl-1-butene Vapor 1540-2200 170 
Vapor 1680-1950 88 
CsHio 2-Pentene Vapor 1540-2220 170 
CsHi0 2-Methyl-2-butene Vapor 1690-2100 88 
Solution 1690-2100 248 
CsHwO Diethyl] ketone Solution 1780-2100 128,248 
CsHwO 2-Pentanone Solution 1910-2300 128 
C5Hi0O isoValeraldehyde Solution 1860-2300 128 
CsHnO2N Valine Solution 1800-3000 99 
CH n-Pentane Liquid 1710 90 
CsHiz isoPentane Liquid 1700- 137 
CsHi20 n-Amyl] alcohol Solution 1730-2350 128 
CsHrO Diethyl carbinol Solution 1760-2000 128 
CyHe Hexatriene Vapor 1200-2700 146 
CoH3Cls Trichlorobenzene Solution 1800-2900 248 
CoHiClhe o-Dichlorobenzene Vapor 1100-2200 147 
Solution 1700-2300 248 
CoH;Br Bromobenzene Vapor 1100-2200 147 
Solution 1700-2400 248 
CoH;Cl Chiorobenzene Vapor 1100-2200 147 
Solution 1700-2800 248 
CoHsF Fluorobenzene Vapor 1200-2200 61 
Solution 1700-2700 248 
CoHsI Todobenzene Vapor 1100-2200 147 
Solution 1700-2300 248 
CcH;O2N __ Nitrobenzene Solution 1730-2500 248 
CoHe Benzene Vapor 400-1300 20 
Vapor 1100-2200 147,61 
Vapor 1300-1850 227,228 
Vapor 1450-2080 63 
Vapor 1680-2100 88 
Vapor 1850-2100 138 
Vapor 1900-2030 158 
Solution 1700-2300 130,132,248 
Solid 1900-2030 158 
CoHo Divinylacetylene Vapor 1200-2700 146 
CoHe Di(Methylacetylene) Vapor 1000-2000 145 
CsHoO Phenol Vapor 1200-2200 6] 
Solution 1750-2900 248 
CoHS Thiophenol Solution 1740-2400 248 
CoHoO2 Hydroquinone Solution 1750-2400 248 
CsHsNCl — 0-Chloroaniline Solution 1700-3000 248 
CsH:N Aniline Solution 1700-2400 248 
CoH,O:N  Dimethylsuccinimide Solution 1750-2000 200 
CeHi0 1,5-Hexadiene Vapor 1680-1950 88 
CoHio 4-Methylpentadiene Solution 1700-2200 248 
CoHi0 2,3-Dimethyl-1,3- Vapor 1680-2320 88 
butadiene 
Solution 1700-2300 248 
CoHio Cyclohexene Vapor 1680-2100 88 
Solution 1700-2200 133,248 
CHO Mesity] oxide Vapor -1900 210 
CoH Methylcyclopentane Liquid 1750 90 
Coie 1-Hexene Vapor 1670-2500 54,88 
Solution 1680-1950 88,248 
CoH 2-Hexene Solution 1720-2100 88 
CoHiz 3-Hexene Vapor 1670-2500 54 
CoHi2 Cyclohexane Liquid 1765 90 
CoHi2 2-Methyl-1-pentene Vapor 1680-1950 88,170 
CoHe 3-Methyl-1-pentene Vapor 1540-2200 88 
CoH 4-Methyl-1-pentene Vapor 1690-1950 88 
CoHiz 2,3 Dimethyl-1-butene Vapor 1670-2500 54 
CoH 3,3 Dimethyl-1-butene Vapor 1690-1950 88 
CoHiz 2,3 Dimethyl-2-butene Vapor 1670-2500 54,88 
Solution 1680-2350 88,248 
CoHi2 2-Methyl-2-pentene Vapor 1690-2100 88 
Solution 1690-2100 88 
CoHiz 3-Methyl-2-pentene Vapor 1690-2200 88 
CoH iz 2-Ethyl-1-butene Vapor 1680-2100 88 
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Formula Name State A, A Reference 
CsHi2Os- Cystine Solution 1800-3000 99,248 
N2S» 

CsHwO2N Leucine Solution 1800-3000 99 
CoHis n-Hexane Liquid 1700-7000 128,137,253 
CoAa 3-Methylpentane Liquid 1800-7000 137 
CoHis Neohexane Liquid 1760- 90 
CoCle Hexachlorobenzene Solution 1700-3100 248 
C;H:F4 Fluoro Benzo-Trifluoride Vapor 1200-2200 61 
C;HsN Benzonitrile Vapor 1100-2300 214 
Solution 1700-2400 248 

C;HsNO Phenyl Isocyanate Vapor 1100-2700 214 
CiHsF3 Benzotrifluoride Vapor 1200-2200 61 
Solution 1700-2700 248 

C;HsO Benzaldehyde Vapor 1600-2600 211 
Solution 1700-2600 248 

C;H.O2 Benzoic acid Solution 1700-2500 248 
C;H;O2N — 0-Aminobenzoic acid Solution. 1700-2600 248 
C;H;F Fluorotoluene (0,m,p) Vapor 1200-2200 61 
Solution 1700-2700 248 

C;Hs Toluene Vapor 1100-2200 147,61 
Vapor 1850-2100 138 

Solution 1700-2300 88,130, 

132,248 

C;HsO Cresol Solution 1700-2300 248 
C;,HsON  Anisidine Solution 1700-2500 248 
C,HoN Methylaniline Solution 1700-3000 248 
C;Hi0 Bicyclo(2,2,1) heptene-2 Vapor 1540-2200 175 
CH» Bicyclo(2,2,1) heptane Vapor 1540-2200 VAS 
C;H2O Methylamyl ketone Solution 1850-1950 128 
C;H13s02N  Piperidine acetate Solution 1800-3000 2S) 
CH Methylcyclohexane Liquid 1700-1900 137 
CiHis n-Heptane Liquid 1700-2300 88,90,137 
C;His 3-Methylhexane Liquid 1730 90 
CrHie Methylcyclohexane Liquid 1790 90 
C;His 2,3 Dimethylpentane Liquid 1790 90 
CiHie 2,2,3 Trimethylbutane Liquid 1780 90 
CiFs Perfluorotoluene Solution 1700-2700 248 
CrFie n-Perfluoroheptane Liquid 1800- 42,90 
CsHe Phenyl acetylene Vapor 1100-2400 214 
Solution 1700-2500 248 

CsH.O Benzofuran Solution 1720-2800 248 
CsH¢S Thionaphthene Solution 1720-2800 248 
CsH:N Indole Solution 1720-2800 248 
CsHs Styrene Vapor 1100-2600 214 
Solution 1720-2800 248 

CsH-O2 Toluic acid Solution 1700-2500 248 
CsH:.O2:N  Hexahydrophthalimide Solution 1750-2000 200 
Vapor 1200-2200 61 

CsHio Ethylbenzene Solution 1700-2250 61,130 
CsHio Xylene (0,m,p) Vapor 1100-2200 61,147 
Vapor 1850-2100 138 

Solution 1700-2300 88,130, 

132,248 

CsHuN Dimethylaniline Solution 1700-3000 248 
CsH130:N Tetramethylsuccinimide Solution 1750-2000 200 
CsHis 1-Octyne Solution 1700-2200 133,248 
CsHi4 2-Octyne Solution 1700-2200 133,248 
CsHi6 1-Octene Solution 1700-2200 90,133,248 
CsHie 2-Octene Solution 1700-2200 90,133,248 
CsHie 3-Octene Solution 1700-2400 128,165 
CsHi6O2 Caprylic acid Solution 1700-2400 128,165 
CsHis iso-Octane Liquid 1700- 90,128 
CsHis 2,2,3 Trimethylpentane Liquid 1790- 90 
CsHisO Di-n-butyl ether Solution 1730-1920 128 
CsHisO sec. Octyl alcohol Solution 1730-2000 128 
CsFis n-Perfluorooctane Liquid 1592 hk 
CoHi0 a-Methylstyrene Vapor 1100-2500 214 
CoHi0.N Phenylalanine Solution 1800-2200 248 
CsHi0O;N Tyrosine Solution 1800-2300 248 
CoHi2 Cumene Vapor 1200-2200 61 
CoHi2 Mesitylene Solution 1700-2300 88,153,248 
CoHi2 1-Methyl-2-ethylbenzene Solution 1730-2300 88 
CoH29 2,2,3,3-Tetramethyl- Liquid 1795- 90 

pentane 

CoF 20 n-Perfluorononane Liquid 1830 90 
CioHs Naphthalene Vapor 1200-2200 61 
Solution 1700-4000 88,92, 

108,248 
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Formula Name State A, A Reference 
CioHs Azulene Solution 1600-7090 108,248 
CioHsNz Dipyridyl Solution 1700-3000 248 
CroHi2 Tetralin Solution 1730-2300 88 
CyoHas n-Butylbenzene Solution 1700-2300 132 
CioHi4 t-Butylbenzene Solution 1700-2200 248 
CioHis 1,2,3,5-Tetramethyl- Solution 1720-2300 88 

benzene 

CioH22 n-Decane Liquid 1725 90 
CuHi0 2-Methylnaphchalene Solution 1720-2300 88 
Vapor 1200-2200 61 

CuHi202zN2 Tryptophane Solution 1800-2300 248 
Ci2H »N Carbazole Solution 1700-2400 248 
CrHol Iododiphenyl Solution 1700-2400 248 
Cy2Hi0 Diphenyl Solution 1720-2900 248 
Ci2Hi0 Acenapthene Solution 1700-3000 92,248 
CyHioNe Azobenzene Solution 1700-3000 248 
Ci2H026 n-Dodecane Liquid 1730 90 
CisHi0 Fluorene Solution 1700-3000 248 
Ci3Hi0O Benzophenone Solution 1730-2300 248 
CysHie Diphenylmethane Solution 1700-2700 248 
CisHit0 Anthracene Vapor 1520-2800 249 
Solution 1700-4000 88,92,248 

CisHio Phenanthrene Solution 1700-4000 88,92,248 
CisHas Dibenzyl Solution 1720-2300 248 
CywH2s0O2 Myristic acid Solution 1700-2400 128,165,248 
Cy6Hio Fluoranthene Solution 1700-3000 248 
CieHio Pytene Solution 1700-3000 248 
CisHo26 n-Decylbenzene Solution 1720-2150 88 
CisH3202 ~~ Ethyl myristate Solution 1720-2400 165 
Ci;Ay 1,2-Benzanthrene Solution 1700-4000 92 
Ci;H3202  2-Heptadecenoic Acid Solution 1720-2400 165 
CisHi2 1,2-Benzanthracene Solution 1720-2100 88,248 
CisHie Chrysene Solution 1720-4000 88,92,248 
CisHi2 Naphthacene Solution 1720-3000 248 
CisHisN Triphenylamine Solution 1700-2500 248 
CisHie Diphenylbenzene Solution 1700-3000 248 
CisH30 Hexaethylbenzene Solution 1700-2800 248 
CisH 3002 Linolenic acid Solution 1700-2400 165,248 
CisH3oOz —psewdo-Eleostearic acid Solution 1700-2400 165 
CisH3202 Linoleic acid Solution 1700-2400 165,248 
CisH3-O2 — Oleic acid Solution 1700-2400 165,248 
CisH3-O2 —_Elaidic acid Solution 1700-2400 165 
C2oHi4 Dinaphthyl Solution 1720-2300 88 
C2H3102 Ethyl linolenate Solution 1700-2400 165 
CxHi202 Methyl arachidonate Solution 1700-2400 165,248 
CaFeon Teflon Film 1700- 22,90 
Celluloid Film 300-2000 122 

Cellulose acetate Film 80-260 183 

Steroids Solution 1750-2100 201,248,252 

Terpenoids Solution 1750-2100 201 


Gunther and co-workers used the edge of the far ultra- 
violet for the analysis of ammonia in nitrogen and in air 
(243). Figure 5 shows the spectrum of ammonia. Gunther 
used the 2043 A band and specified a detectability of 7 
ppm of ammonia in air or nitrogen using a 10 cm cell. 
Obviously any one of several bands could be used. The 
bands at 1936 and 1972 A would allow an even more 
sensitive analysis for ammonia in nitrogen. However the 
absorption of oxygen and water vapor would interfere 
with the use of these bands for the analysis of ammonia 
in air. 

The possibility of using far ultraviolet radiation for 
the analysis of water vapor in the air was recognized by 
Bologna et al (240). They purported to use the Lyman a 
line as a source. Theoretically this radiation would allow 
excellent sensitivity and good discrimination. Water vapor 
has an absorptivity of 387 cm! while oxygen has an ab- 
sorptivity of 0.3 cm‘! at this wavelength (1216 A). Un- 
fortunately these workers miscalculated the necessary op- 
tical path length. 


The effects of varying concentration of water vapor 
in the atmosphere are evident on scanning with the far uy 
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DK spectrophotometer in the region from 1800-1900 A. 
‘Water vapor has a non-discrete spectra while oxygen ab- 
‘sorbs very discretely in this region (see Figure 5 of the 
first paper in this series, (89a).) However the absorptivity 
of water vapor is about 10 times that of the oxygen 
| minima. 


Carbonyl compounds have characteristic absorption 
spectra in the 1700-2000 A region. All of these com- 
pounds have a strong absorption band at about 1940 A. 
This band has been applied to the analysis of acetone in 
acetylene (89). 


Jones and Taylor have studied the spectra of a large 
‘number of unsaturated and aromatic compounds (88). 
They call attention to the analytical possibility of the 1700- 
2000 A region but do not report results on specific mix- 
‘tures. It is apparent from their spectra that one could 
analyze for any unsaturate in a non-absorbing matrix with 
a sensitivity of a few ppm. However, the analysis of one 
olefin in the presence of another olefin would be possible 
in only a few cases. The aromatics are much more selec- 
tive. 


Fatty acid solutions have been studied to about 1750 A 
(165). The absorptivities of these acids have been corre- 
lated with the number of double bonds in these acids. 


Table II lists a number of publications on the spectra 
of metallic vapors. None of these papers were concerned 
with analysis, but the information could be put to this 
use. The field of atomic absorption spectroscopy has re- 
ceived considerable attention recently, although the author 
‘is not aware of its extention into the far ultraviolet for 
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analytical purposes. However there is reason to suppose 
that such studies would be possible. Of course the use of 
a flame to volatize and contain the sample vapor has limita- 
tions in the far ultraviolet because of the absorption of 
oxygen and water vapor in the flame. 


One of the simplest examples of atomic absorption 
spectroscopy is in the analysis of mercury vapor. The 2536 
A resonance absorption line of mercury has long been used 
to determine the concentration of mercury vapor in the 
air. The 1849 A line of mercury possesses even greater ab- 
sorptivity and may be used to extend the sensitivity of this 
method. Figure 6 shows the transmittance spectrum of 10 
cm of mercury vapor at room temperature. Of course these 
absorption bands possess a narrower half band width than 
the effective band width pased by the monochromator so 
that the apparent absorptivity is a function of mechanical 
slit width. However, the DK spectrophotometer has ade- 
quate resolution to show the self reversal effect at 1849 A 
caused by mercury vapor in the Beckman 30 watt mercury 
lamp. The two resonance lines of mercury provide a very 
convenient tool for wavelength calibration. A small drop 
of mercury need only be placed in a 1 or 10 cm cell fol- 
lowed by a purge of the cell with nitrogen. 
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Fic. 7. SpEcTRA OF AQuEOUS PoTasstUM IODIDE 
SOLUTIONS 


The analysis of inorganic salts in solution is also pos- 
sible by far ultraviolet spectroscopy. Figure 7 shows the 
spectra of potassium iodide solutions at several concentra- 
tions. Sodium iodide possess an almost identical spectrum. 
The alkaline bromides show an absorption maximum at 
1900 A. Ceric salts have been observed to possess an in- 
tense maximum at 2000 A. 
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of Alpha-Azido Ethers and Amines? 
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Abstract 


The ultraviolet absorption spectra of a series of alpha- azido 
ethers, alpha- azido thioethers, and alpha- azido amines exhibited ex- 
tinction coefhcient maxima in the region 264-300 my. A shift to the 
lower wavelength was found to occur in the order S>O>N when 
these atoms are substituted alpha to an azido- group. 


Infrared absorption spectra were recorded in the 2 to 15 micron 
region, and assignments made for the asymmetric and symmetric Ns 
stretching vibrations. The N3 asymmetric vibration occurred in the 
range 2141-2090 cm™ for the azides examined. The Ng symmetric vi- 
bration was more variable. Tentative assignments were made for this 
absorption occurring for alpha- azido ethers and alpha- azido thioethers. 
However, no assignment was made for this vibration for the alpha- 
azido amines due to the complicated spectra in this region. The Ns 
asymmetric vibration for azidomethyl methyl ether, azidomethyl methyl 
sulfide and N-azidomethyl phthalimide exhibited a doublet while other 
azides exhibited a single absorption for this mode. 


Introduction 


The linear structure of the azido-group, as in covalent 
and ionic azides, coupled with its facility of forming five 
membered azoles of structure I: 


Aa 5 


where A is carbon and B may be carbon, nitrogen or sul- 
fur, respectively, has led to questions concerning the 
nature of the intermediate state. The basic question to be 
answered involves the process whereby three sequentially 
linked nitrogen atoms changes from the linear structure 
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to the bent ‘structure. The present investigation is part of 
a program which attempts to study this problem. 


The use of absorption spectroscopy to the solution of 
structural problems in the thiatriazole ring system has 
been reported by Lieber and students (1-4). It was de- 
monstrated that reactions which should lead to thiocar- 
bamyl azides are in reality derivatives of the thiatriazole 
ring system. Infrared spectral evidence confirmed this 
(1-7). On the other hand, spectroscopic evidence just as 
clearly demonstrates the existence of the carbamyl azide 
structure rather than the oxytriazole ring system. Scott (8) 
reported a broad clean asymmetric Ng absorption band in 
the infrared for a number of phosphoryl azides and con- 
cluded that a ring structure does not exist. 


Azides are reported (9) to be readily recognized by the 
strong Nz asymmetric stretching absorption, which occurs 
with constancy near 2130 cm". The corresponding sym- 
metric stretching occurs at a considerably lower frequency 
(about 1300 cm™) but is much more variable in frequency 
and intensity. Contributions to the infrared absorption 
spectroscopy of azides have been made by Eyster (10), 
Sheinker (11), Boyer (12,13) Lucien (14) and Lieber 
(15,16). More recently, Lieber (17) has discovered that 
aromatic acid azides exhibit a doublet for the N3 asym- 
metric stretching absorption. An extension of this work 
(23) demonstrated that the N3 asymmetric doublet was 
due to the proximity of the conjugative aromatic unsatura- 
tion (benzene ring) and that the band again appeared as 
a singlet when the aromatic ring was reduced, as in 
cyclohexyl carboxylic acid azide. \t was with the objective 
of studying such alpha interactions (which the authors 
now term perturbation effects) that the investigation of 
the absorption spectroscopy of alpha-azido ethers and 
amines was initiated. These compounds can be generalized 
by the structure: R-X-CH»2-N3, where X- may be oxygen, 
sulfur, or nitrogen and R is an alkyl or aryl group, respec- 
tively. The similarity of these compounds to thiocarbamy] 
azides, carbamyl azides, and carbonyl azides may be ob- 


. 


NOs INO. Se 1I6T 


served by rewriting the structure in the following form 
given by: 


where X = O, S, or N, in which the perturbating effect is 
limited to the oxygen, sulfur or nitrogen atoms, respective- 
ly. A systematic study of the -ultraviolet and infrared 
absorption spectra of alpha azide ethers has not been 
previously reported. 


Experimental * 
Alpha-Azido Ethers and Amines 


In general, these compounds were prepared by the 
action of sodium azide upon the corresponding alpha-halo- 
ether as described by Bohme for alpha-azido-ethers (18), 
alpha-azido thio ethers (19) and N-azido-methylamines 
(20). The compounds prepared for spectroscopic study are 
summarized in Table I. In most cases satisfactory elemental 
analyses for carbon and hydrogen were obtained. Unlike 
that reported by Bohme (18) the methyl- and ethyl- alpha- 
azido ethers proved to be too explosive for carbon and 
hydrogen combustion. In the case of the alpha-azido thio- 
ethers satisfactory elemental sulfur analyses were obtained 
in all cases. Bis-azido-methyl sulfide, a new compound, 
proved to be too explosive for carbon-hydrogen analysis. 
All of the compounds reported in Table I are liquids, ex- 
cept that of N-azidomethylphthalimide, a new compound, 
which comprised colorless plates, melting at 72-73° (un- 
corrected). All of the liquids had boiling points which 
agreed with the values previously reported (18-20). Alpha- 
azido ethers and amines are dangerous compounds. Repe- 
titions of these synthesis should observe proper safety equip- 
ment including spark-proof stirring motors. 


Tas_e I. ALPHA-AzIDO ETHERS AND AMINES 
R-X-CHo-N3 


im 


Nitrogen, Yo 


R x Formula Calcd. Found 
GH; O C»H;N;0* 48.26 48.26 
C2H; O C;H;N;0* 41.56 41.20 
CH; S CoH;N;S 40.74 40.03 
GH; S CzH:N:S 35.86 35.80 
n-C3H; S C:H»N,S°” 32.03 22355 
CoHs S C;H:;N:;S 25.43 25.43 
CsHsCH2 S CsH»N;S 23.44 DROSS 
N;CH2 S CoH: N,S*”” 58.30 58.50 
(CHs) 2 N° C3HsNa 55.97 55.65 
CsHio N° CoeHi2Ni 39.97 40.30 
CoH:-C202 N? CoH«O2N,” PLIES 27.65 


eS aaa 
“Three independent analytical laboratories were unable to analyze for 
carbon and hydrogen due to the very explosive thermal degradations 
of the compounds when heated. 


"New compounds 


| °Piperidino-group 


“Ortho-phthalimido-group 


_ *Bohme (20) was unable to obtain a satisfactory analysis for this com- 


pound. 


“Elemental micro-analyses were carried out by Dr. C. Weiler and Dr. 
F. B. Strauss, Oxford, England. 
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TaBLeE II. ULTRAVIOLET ABSORPTION FREQUENCIES FOR 
R-X-CHo-N3 

RX macy ™ lh Emax 
CH;0 274 39.9 
CH;CH:O 276 33.1 
CH;S 284 28.0 
CH3CH2S 284 28.4 
CH;CH:2CH:25S 284 29.8 
N3-CHo2-S 284 54.9 
CoH;S e = 
CsH;sCH2S i 2 
(CH3) 2N 264” 32.6 
CsHiwN 264° 37.7 
CsH-C202N s - 


“Azide absorption in the 260-290 my region masked by strong aromatic 
absorption. 
"\max taken as the inflection point. 


O 
ll 
i 
NS - 
S Qe N-CH,- 3 
Ny 08g S C a 
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O 
Bis-azido-methyl sulfide N-Azidomethylphthalimide 


Ultraviolet Absorption Spectra 


Spectra were obtained on a Beckman Model DU quartz 
spectrophotometer with 1 cm matched quartz cells over 
the range of 240-300 my and curves plotted for log « 
versus wave length. All samples were dissolved in anhy- 
drous spectroscopic methanol, and absorbance readings 
using a methanol blank were taken. Anhydrous conditions 
were rigidly maintained. The data obtained are summarized 
in Table II. Figure 1 shows a typical plot for each of the 
three different types of azido-ether. 


Infrared Absorption Spectra 


The spectra were recorded on a Perkin-Elmer Model 21 
double beam spectrophotometer with a sodium chloride 
prism (calibrated against a polystyrene film) over the range 
of 2-15 microns using an automatic slit drive with a pro- 
gram of 927 and a scanning rate of twenty min. The 
spectra of liquids were recorded in a demountable cell 
containing a 0.025 mm silver spacer. Solids were mulled in 
a drop or two of white oil (Nujol). Spectra over selected 
ranges were recorded from solution by nulling out the 
solvent spectra in the reference beam. Exact N3 asym- 
metric absorption frequencies were recorded from carbon 
tetrachloride solution in 0.20 mm matched cells with a 
program of 960, adjusting the concentration so as to 
absorb 70-80% of the energy input at the absorption maxi- 
mum. Because of the complicated vibrations appearing in 
the Ng symmetric stretching region, this portion of the 
spectrum was also recorded in carbon tetrachloride. Spectra 
of the halomethyl intermediate were also recorded from 
solution and super imposed on the azido spectra in order 
to locate the Ns symmetric stretching absorption. The 
infrared assignments for the Ns asymmetric and symmetric 
vibration are summarzied in Table HI. A typical full scale 
spectrum is shown by Figure 2 for azidomethyl methyl 
sulfide. The more precise study in the asymmetric region for 
the same compound is shown in Figure 3, which shows the 
asymmetric doublet. The complexity of the symmetric re- 
gion is illustrated by bis- (azido methyl) sulfide in Figure 4. 
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Fic. 1. ULTRAVIOLET ABSORPTION SPECTRA OF (1) Azido- 
methyl methyl! sulfide, (2) N-azidomethyl dimethylamine, 
and (3) Azidomethyl methyl ether. 
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Discussion 
Uitraviolet Absorption Spectra 


Gilliam and Stern (21) report that aliphatic azides 
such as ethyl azide or azidoacetic acid show a characteristic 
low intensity band near 285 mp (E = 20-50) and a band 
of high intensity near 222 mp (E ca. 150) and that this 
band differs from that of azide ion, e.g., sodium azide. 
Lieber (22) has reported a weak absorption band between 
282 and 288 my for a number of alphatic and aromatic 
azides. The intensity of this band was very weak, and an 
increase in chain length did not effect the intensity of this 
band. The absorption was stronger in the phenyl and sub- 
stituted phenyl azides, although not as strong as the pri- 
mary band of benzene. Bohme (18,19) reported the pres- 
ence of a weak band for azido-methyl ethers and azido- 
methyl thioethers in the 275-290 my region. 


As seen in Table II, spectra of azidomethyl ethers, 
-thioethers, and -amines exhibited absorptions of weak 
intensity in the 264-284 my region. A shift toward the 
lower wavelength is seen to occur in the order S>O>N 
(Figure 1), when these atoms are substituted alpha to an 
azido group. An increase in chain length had little effect 
upon the intensity of this absorption. However, the intro- 
duction of a second azido group into a molecule increased 
the intensity of this absorption nearly two fold. Spectra 
of aromatic azides were not plotted, since the primary 
aromatic bands overshadowed the weaker azide absorption. 
As in the past, absortpions in this region are assigned to the 
nitrogen -nitrogen multiple linkages of covalently bound 
azides. However, the effect of the substituent alpha to the 
azido group is seen by a shift of the azide absorption. Al- 
though limited in scope, this appears to be the first system- 
atic study of the effect of an alpha substituent on the 
ultraviolet azido frequency. 
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Fic. 3. THe INFRARED ABSORPTION SPECTRA 
oF AZIDOMETHYL METHYL SULFIDE IN THE 
ASYMMETRIC Nz REGION RECORDED AS A 
SOLUTION IN CARBON TETRACHLORIDE 


Infrared Absorption Spectra 


The infrared absorption spectra of azidomethyl ethers, 
-thio-ethers, and -amines were studied with particular 
‘emphasis upon the N3 asymmetric and symmetric vibra- 
tions. The spectra of azidomethyl ethers, -thioethers, and 
-amines were recorded and compared to the spectra of the 
‘corresponding halomethyl compounds. A strong broad band 
exhibiting 100% absorption was observed in the Nz asym- 
‘metric stretching region for all azide spectra with but a 
single exception. N-azidomethyl phthalimide exhibited a 
doublet in this region as well as in the carbonyl region. 
Alpha-halo methyl compounds have no significant absorp- 
‘tions in the Ns asymmetric stretching region. The Ns 
‘symmetric stretching region was complicated by the pres- 
‘ence of other absorptions. However, tentative assignments 
were made when possible. 
| The spectra of azidomethyl ethers -thioethers and 
-amines were recorded in carbon tetrachloride solution 
across the Ns asymmetric stretching region (Figure 3). 
‘Assignments for the N3 asymmetric stretching absorption 
are summarized in Table III. This absorption occurred in 
the range 2141-2090 cm! for the azides examined, with 
all but one falling in the range 2121-2091 cm‘'; thus con- 
firming the constancy of the Ns asymmetric stretching 
band regardless of environmental groups as reported by 
‘previous workers (15,17). 


| It is interesting to note the band splitting of the N» 
asymmetric stretching absorption for azidomethyl methyl 
ether and azidomethyl methyl sulfide (Figure 3), when 
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Fic. 4. INFRARED ABSORPTION SPECTRA IN 
THE SYMMETRIC Ns REGION RECORDED WITH 
SOLUTIONS IN CARBON TETRACHLORIDE. 
Solid Line—Bis-(azidomethyl) sulfide, Dotted 

Line—Bis- (chloromethyl) sulfide 


these azides are present in a concentration low enough to 
keep the absorption on scale. Higher homologues of these 
azides failed to show this band splitting, but exhibited a 
single Ns asymmetric stretching absorption (Table III). 
The corresponding N-azido-methyl amines exhibited a 
single absorption, with the exception of N-azido-methyl 
phthalimide whose doublet was also evident from a Nujol 
mull as described earlier. 


Hydrazoic acid, in the gaseous state exhibited a doublet 
for the N3 asymmetric stretching mode (23), a solution 
of hydrazoic acid in carbon tetrachloride was prepared, 
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TaBLeE III. INFRARED AssIGNMENTS FOR Nz ASYMMETRIC 
AND SYMMETRIC STRETCHING VIBRATIONS 


Symmetric N; 
Stretching" 
(tentative) 


: Asymmetric N3 
zide : : 
eee Stretching" 


CH;0OCH:N; 2121vs, 2098vs 1232s 
CH;CH:OCH2N; 2119vs 1227s 
CH;SCH:2N3 2113vs, 2091vs 1304-1294m 
CH3;CH:SCH:N; 2098vs 1302m 
CH:CH:CH2SCH2N; 2105vs 1299m 
CsH;sSCH2N; 2101vs 1304-1295m 
CsH;CH2SCH2N3; 2107vs 1309-1295m 
NsCH2SCH2N; 2112vs 1304-1292s 
(CHs) 2NCH2N3 2094vs i 
CsHioNCH2N3 2094vs B 


b 


CyvHsC202NCH2N3 2140s, 2104s 


“In cm™'; vs, very strong, etc. 
*Spectrum is complicated by the presence of other absorptions and no 
assignment can be made. 


and the spectrum recorded with a single N3 asymmetric 
stretching absorption observed for this spectrum. 


The spectra of these azides and the corresponding halo 
compounds were recorded from carbon tetrachloride solu- 
tion across the Ns symmetric stretching region (Figure 4). 
While this band is complicated by the presence of other 
absorptions in the region, tentative assignments are made 
for this mode and appear in Table III. 


The spectra of azidomethyl methyl sulfide and azido- 
methyl ethyl sulfide were recorded as solutions of methanol 
and acetonitrile as well as carbon tetrachloride with no 
noticeable changes in the N; asymmetric stretching absorp- 
tions. 


The reason for the absence of band splitting for other 
members of the series of compounds studied is not clearly 
understood. A theoretical study of the above systems from 
a quantum mechanical point of view is underway which 
will be reported upon in a separate communication. 
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Notes 


Infrared Spectra of Diethylenetriamine and 
2-(2-Aminoethylamino)ethanol 


Leon Segal and F. V. Eggerton 


Southern Regional Research Laboratoryt, New Orleans, La. 


The formation of a coordination compound between 
diethylenetriamine (DETA) and cellulose has been report- 
ed by Segal and Loeb (4), and studies have been planned 
for elucidating the structure and mode of bonding of the 
complex. X-ray diffraction studies (4) indicate that the 
DET A-cellulose complex, and the complex formed be- 
tween ethylenediamine (EDA) and cellulose have very 
similar crystalline interplanar dimensions. Segal and Loeb 
concluded that the DETA molecule was bonded to the 
cellulose chain molecules in a manner similar to that ac- 


+One of the laboratories of the Southern Utilization Research and 
Development Division, Agricultural Research Service, U. S. De- 
partment of Agriculture 


cepted for the EDA molecule, this being possible because 
of a similarity in amine structures. To further pursue the 
structure study on the complex, another compound, 2- 
(2-aminoethylamino) ethanol (AEAE), was selected for 
its structural relationship to DETA and EDA. Infrared 
spectroscopy was considered to be the best way of obtain- 
ing the data needed for elucidating the manner of bonding. 
However, the study was hampered by lack of information 
on the infrared spectra of the above amine compounds. In 
this note the infrared spectra of the amine compounds 
are presented, and assignments of the observed bands to 
structural units in the molecule are made. 


The DETA was obtained as a commercial product. It 
was purified by digestion over stick sodium hydroxide, 
drying with a sodium-lead alloy, and finally distillation. 
The cut was taken in the boiling range 205-207° C 
(bop. (1), 207.1°C). The AEAE was a water-white, 
high-purity product and was used without further puri- 
fication. The carbon tetrachloride solutions of the amines 


VoL. 15, No. 5, 1961 


were prepared in a COz-free atmosphere (gloved dry box). 
The concentrations of the solutions were DETA, 28.36 
g/1 (0.275 M) and AEAE, 27.75 g/1 (0.27 M). 


Absorption spectra* were obtained using a Perkin- 
Elmer Model 21** double-beam recording infrared spec- 
trophotometer with a sodium chloride prism. 


In the following discussion assignment of bands and 
interpretation of data were made after extensive consulta- 
tion of several standard texts (2). The DETA and AEAE 
are related as shown by the structural formulas: 


H2N-CHe-CH»2-NH-CH2-CH»2-NH», Diethylenetriamine 
(DETA) 
H2N-CH2-CHs-NH-CH»2-CH»-OH, 2- (2-Aminoethyl- 
amino) ethanol (AEAE). 


Both of these compounds can be thought of as being N- 
substituted derivatives of 


H2N-CH»-CH»s-NHz, Ethylenediamine (EDA) 


where one hydrogen atom in a primary amine group has 
been replaced, converting the group to a secondary amine. 
Segal and Loeb (4) consider that bonding in the DETA- 
cellulose complex occurs through this secondary amine 
group and one primary amine group. The infrared spectra 
of DETA and AEAE are shown in Figure 1. For the pur- 
poses of discussion the spectrum of EDA is also included. 


The spectrum of DETA differs significantly from that 
of AEAE at certain wavelengths as would be expected 
because of the -OH group. It is quite similar, however, 
to that of EDA. In fact, from 3413 to 1360 cm’!, the 
spectra of DETA and EDA are almost identical. This is 
not surprising if DETA is considered to consist of two 
EDA moieties, the EDA moiety being that portion of 
the molecule having the structure HoN-CH»-CH»o-NH-. 
Assignment of EDA bands has already been made in a 
previous publication (3). The DETA spectrum differs 
from that of EDA in that there are new absorption bands 
pemi69, 1133) and 1065 em! (7.88, 8.82, and 9.39 
microns), and that the EDA bands of 1096, 1051, and 
968 cm (9.12, 9.51, and 10.33 microns) have disap- 
peared. These shifts have taken place because of the new 
bond, N-C, which has replaced one N-H bond of EDA. 
The strong band at 1133 cm‘! (8.82 microns) arises from 
the Cy-N stretching of this secondary amine group. The 
primary amine C-N stretchings at 1096, 1051 and 1030 
emer 972, 9,51, and 9.70 microns) in EDA are still 
apparent at 1065 and 1030 cm‘! (9.39 and 9.70 microns) 
in DETA, but the disappearance of the primary amine 
C-N stretching at 1096 cm! (9.12 microns) cannot be 
accounted for. There are still 2 primary amine groups in 
| DETA and therefore it would seem that these vibrations 
| would be unaffected. The 1305 and 1269 cm! (7.66 and 
| 7.88 micron) bands in DETA are nrobablv -CH>»- de- 

formations and reflect a splitting of the 1298 cm! -CHoe- 
| band of EDA caused by addition of an EDA moiety to 
| the EDA molecule. 


Passing from DETA to AEAE where an OH group 
revlaces an NH» grouv, one observes marked changes in 
the svectrum. Not only are the -NH» and C-N vibrations 
affected, but the evidence for hydrogen bonding indicates 
a considerable change in this phenomenon. In the spectrum 


| of DETA the presence of bonded -NHz2 is shown by the 


*All spectra were obtained at a rate of 0.5 micron/min with the 
Resolution dial set at 927, Gain of 6, Response of 1, and Suppression 
of 3. Cell thickness, NaCl, was 0.48 mm. 

**Tt is not the policy of the Department to recommend the products 
of one company over those of any others engaged in the same 
business. 
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Fic. 1. INFRARED SPECTRA OF DIETHYLENETRIAMINE 
(DETA), 2-(2-AMINOETHYLAMINO) ETHANOL (AEAE), 
AND ETHYLENEDIAMINE (EDA) 


2 bands at 3413 and 3333 cm™ (2.93 and 3.00 microns), 
but in the spectrum of AEAE these bands are shifted to 
3278 and 320) em™ (3.0% and 3.12 microns). Such 4 
large shift to longer wavelengths indicates greatly en- 
hanced bonding which could be expected because of the 
more electronegative character of the oxygen atom now 
present. Some contribution to these bands now comes also 
from bonded -OH stretching vibrations. The more highly 
associated state produced by the stronger bonding in 
AEAE is evidenced also by the more viscous nature of the 
liquid and its higher boiling point, 238-240° C. The C-H 
stretching bands at 2941 and 2857 cm! (3.40 and 3.50 
microns), the -CHy- scissoring mode at 1459 cm‘! (6.85 
microns), and the C-H bending mode at 1356 cm! (7.37 
microns) are the same as in DETA, as would be expected. 


The -NHbp scissoring mode appears at 1605 cm! (6.23 
microns) as a result of the enhanced bonding of the pri- 
mary amine group and is reduced in intensity as there is 
now only one such group present. The only absorption 
band in the spectrum of AEAE attributable solely to the 
OH group is the -OH bending vibration at 1408 cm‘! 
(7.10 microns). The C-OH stretching of the primary 
alcohol group is observed in the strong band at 1054 cm"! 
(9.48 microns), which also includes a primary C-N 
stretching. The bands near 1130 cm! and 1060 cm? 
(AEAE and DETA) are C-N stretchings of the secondary 
and primary amine groups, respectively. 

The authors are indebted to Mr. R. T. O’Connor for 
advice and suggestions and to Miss Z. M. Zarins for ob- 
taining the spectra. 
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Stable Plasma Jet for Excitation of Solutionst 


Louis E. Owen 
Goodyear Atomic Corporation, Portsmouth, Ohio 


The plasma jet, as adapted for the spectrochemical 
excitation of solutions and used with a photoelectric spec- 
trometer to measure light intensities, provided coefficients 
of variation of one to two percent (1). A significant por- 
tion of the error was attributed to discharge instability. 
The swirling flow of gas surrounding the jet “flame” at 
the cathode forces the arc to make electrical contact to 
the cathode by an arc streamer. It is this streamer moving 
randomly over the cathode surface which makes the dis- 
charge unstable. It appeared that stabilization of the 
electrical path to give excitation position stability would 
be necessary to improve the precision of the plasma jet 
as an excitation source (2). 


Various cathode configurations were investigated at 
Goodyear Atomic Corporation before the use of an ex- 
ternal electrode was suggested (3). A consumable graphite 
electrode (Figure 1) was mounted in a motor-driven de- 
vice and fed into the jet about 5 mm above the cathode 
surface. Discharge stability resulted from the elimination 
of the arc streamer. A decrease in the sound intensity 
and the arc voltage drop was also achieved. The use of 
an external electrode for complete or partial electrical 
return has since been noted for high power plasma jets 
(4). This mode of operation is generally referred to as 
“transferred arc”. An improved version of the external 
electrode uses a tungsten rod which is only slowly con- 
sumed. 


The plasma jet for solution excitation (Figures 2 and 
3) has a tungsten rod as an external, yet integral, cath- 
odic electrode. The tungsten rod is electrically connected 
to the exit orifice electrode and is at ground potential for 
use with a negatively grounded dc arc power supply. The 
discharge is initially between the anodic electrode, through 
which the sample is sprayed into the discharge zone, and 
the “flame” exit cathodic electrode. As the ‘flame’ con- 
tacts the tungsten rod the electrical path transfers to it. 
After this transfer, the exit orifice electrode is not in- 
volved in the arc discharge and consequently does not 
erode. The tungsten electrode is so slowly consumed that 
manual adjustment between samples, or every several min, 
is sufficient. The position of this electrode is not critical 
as long as the “flame” impinges upon it. If the tungsten 
does burn away from the ‘flame’, an arc streamer forms 
back to the exit electrode, and the voltage drop across the 
device increases. 

The jet parts (Figure 4 and Table I) are fabricated 
of concentric brass and plastic pieces requiring only lathe 
and brazing operations. While atomizing assemblies can 
be made from brass stock and stainless steel capillaries, it 
is simpler to salvage parts from a commercial atomizer- 
burner*, or the essential parts can be purchased. For use 


+This work was performed under Contract AT-(33-2)-1 with the 
U. S. Atomic Energy Commission. 


*Catalog No. 4030, Beckman Instruments, Iné., Fullerton, California 
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Fic. 1. SOLUTION PLasMA JET WITH GRAPHITE 
EXTERNAL ELECTRODE 


ESSER. 


Fic. 2. SOLUTION PLasMa JET WITH TUNGSTEN 


EXTERNAL ELECTRODE 
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Fic. 3. SECTIONED AssEMBLED SOLUTION PLasMa JET 


with ungrounded power sources, the support rod of the jet 
can be plastic with electrical connection made to the post 
carrying the tungsten electrode. 


The general operation of plasma jets has been explained 
by Margoshes and Scribner (1). For the assembly detailed 
here, the gas flows are monitored by flowmeters. Twenty 
1/min of helium are introduced tangentally into the cham- 
ber while approximately 3 |/min of argon are used as 
an atomizer “lift” gas. The argon flow is varied for a 
particular solution type to provide the sample rate de- 
sired. The chamber pressure during operation is around 
60 mm of water, but this pressure is not monitored for 
operational information. A voltage drop of about 95 v 
occurs with a current of 15 to 25 amps. 


Programming controls are used to provide safe and 


| reproducible operation. The argon is supplied in two 


| stages. The initial low flow rate of argon while inadequate 
' for atomization is sufficient to prevent “blow back” of 
| hot gases through the capillary. The programmed opera- 
tion is: Step 1—Tangental helium, low-flow argon, main 


power and ignition spark are all started. Step 2—After a 
timed delay, or as desired, full argon flow for atomization 
of the sample is begun. Step 3—When the desired excita- 
tion period is over, the argon flow is reduced and Step 4— 
After the atomization has ceased, gas and power are re- 


| moved. 


The gas manifold is shown schematically (Figure 5). 
Solenoid valves 1 and 2 are energized at the beginning of 


an excitation. Helium flows through a needle valve and 


flowmeter to the tangental inlet D; of the jet. The argon 
flows through a needle valve and flowmeter to solenoid 
valve 3, which initially vents to the atmosphere. Argon 
also flows through a needle valve to H; to protect the 


Fic. 4. ExPpLODED VIEW OF SOLUTION PLASMA JET 
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Fic. 5. Gas SYSTEM FOR SOLUTION PLasMaA JET 
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APPLIED SPECTROSCOPY 


Key" Description Material Dimensions 

A External electrode Tungsten 3/32 in. o.d. rod 

B Cathode electrode, ‘Flame’ exit point Graphite 12.5 mm o.d., § mm i.d., 5 mm thick 

Cc Cathode assembly Brass 1%, in. o.d., % in. thick 

Ci, Ce Water cooling inlet and outlet Copper 3/16 in. o.d. 

D Chamber body Bakelite 134 in. o.d., 1-5/32 in. id., 34 in. high 

Di Tangental gas inlet Copper 3/16 in. o.d. 

E Anode electrode Graphite 12.5 mm o.d., 5 mm id., 5 mm thick 

F Anode assembly Brass Outside diam. to fit inside diam. of chamber 
body, step edge to give desired separation of 
graphite electrodes, %% in. id. 

F,, F: Water cooling inlet and outlet Copper 3/16 in. o.d. 

G Atomizer assembly insulator Teflon 5 in. o.d., ¥ in. -24 internal thread 

lel Atomizer assembly Brass Inner part of Beckman 4030 Atomizer 

Hi Lift gas inlet Copper 3/16 in. o.d. 

H2 Sample capillary Platinum sheathed in steel 

I External electrode holder Brass 34 in. o.d. rod, inside threaded 14 in. -20 

J Insulating washer Bakelite 52 in. o.d., Y% in. thick 

K Insulating washer Teflon 1 in. o.d., Y% in. thick 

10, Support rod Brass 5% in. o.d. (for Bausch & Lomb holders) 


“Key for Figure 4 


atomizer capillary from the arc. When the sample is to 
be sprayed into the jet, solenoid valve 3 operates to pro- 
vide the necessary additional argon flow. 


It is difficult to make general statements about elec- 
trode life, but the graphite electrodes exhibit little elec- 
trical erosion and do not contribute to the spectrum even 
when grossly contaminated. Their longevity is determined 
by the requirements of a specific analytical procedure. The 
life of the tungsten electrode is a function of current 
and time. Several in./hr. may be used at 25 amp. The 
tungsten electrode does not contribute spectra to the dis- 
charge region between it and the graphite electrode. 


The stabilized plasma jet promises full utilization of 
the jet’s special inherent feature of high temperature ex- 
citation of homogeneous samples which can be reproduc- 
ibly introduced into its excitation zone. This assumption 
was borne out when the stabilized version was tested at 
the National Bureau of Standards with the same spectrom- 
eter and comparable solutions as in the original work. 
With the stabilized jet the limiting factor seems to be 
the constancy of atomization. With reliable atomization, 
coefficients of variation of 0.5% or less should be achieved 
with good reliability. 
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Use of A Getter-lon Type Pump with 
A Mass Spectrometer* 
A.A. Ebert, Jr. 


Jackson Laboratory, Organic Chemicals Department, 
E. |. du Pont de Nemours & Company, Wilmington, Delaware 


A General Electric analytical mass spectrometer has 
been in use in this laboratory for the past eight years. 
During this period, most of the down-time experienced 
with the spectrometer has resulted from failure of the mer- 


*Research Division Contribution No. 301 


cury diffusion pump. Such mishaps as burst water lines, 
broken glass boilers, and broken pump belts have caused 
the pump to fail often resulting in other damage to the 
spectrometer. The accumulative effect of pump failures 
together with’ associated mishaps have accounted for about 
75% of the total down-time. 


In addition to the problem of pump failure, a diffusion 
pump presents a serious maintenance problem. It requires 
a liquid nitrogen cold trap which must be filled either 
manually or automatically on a continual round-the-clock 
basis. Manual filling demands personnel on a daily 24 hr 
basis. Automatic filling is wasteful of liquid nitrogen and 
often involves an awkward physical set-up. In either case, 
the cost of the liquid nitrogen consumed in a year’s time 
becomes significant. In view of these difficulties it seemed 
desirable to investigate another type pump. 


The Varian Vac Jon pump (1,2) was investigated 
because of its many advantages with respect to mainte- 
nance. It eliminated the need for a cold trap, cooling water, 
and a mechanical forepump. The electronic pump had no 
moving parts, no hot filaments, and no periodically-replace- 
able components. This obviated the periodic shutdowns re- 
quired by the diffusion pump for replacing mercury and 
changing pump oil. The lack of wearable parts assured 
long life and continuous, uninterrupted service which is 
essential for optimum mass spectrometer operation. 


The life of the pump is a function of the pressure in 
the system and ultimately depends on the supply of 
titanium in the pump because titanium is necessary to 
maintain the pumping action. The economical use of 
titanium, which has been reported is of interest (1). It 
has been estimated that in pumping such gases as air, COs, 
and Hg» approximately one half to one gas molecule is 
pumped for each atom of titanium sputtered. Because of 
the nature of the pumping mechanism, only as much 
material is sputtered as is necessary to pump the gas pres- 
ent. With this self-regulating behavior, the pump can be 
expected to have a life of several years, if it is operated by 
at very low pressure. 


The electronic pump has been in service with the mass 
spectrometer since October, 1958 and has proved to be 
completely satisfactory. It produced no difficulty with 
start-up and reached a good operating range with an over- 
night pump-down. A pump with a 5 1I/sec capacity has 
been used which pumps a spectrometer volume of about 


(Continued on page 154) 
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Spectroscopic Tricks 


A Sealed Infrared Absorption Cell of 
Variable Path Length 


E. M. Banas and R. R. Hopkins 


Research and Development Department, American Oil Company, 
Whiting, Indiana 


A new infrared absorption cell of variable path length 
has been devised. As shown in Bigure 1, it is similar in 
construction to cells of fixed path length but has a sample 
volume in the shape of a circular wedge. The inner surface 
of one of the windows has impressed into it a circular 
inclined plane. The outer edge of this surface is flat so 
that it can be sealed to the flat surface of the other 
window. The infrared beam passes through the cell midway 
between its axis and the outside edge. Thus, the effective 
sample thickness varies as the cell is rotated about its axis. 
‘The rotation is measured by a graduated circular scale. 
No attempt is made to obtain a quantitative sample thick- 
ness because the window surfaces enclosing the sample are 
‘not parallel. 


The depressed surface was obtained by a new technique: 
plastic deformation of a flat single crystal of an alkali 
halide. Crystal surfaces were first ground and _ polished. 
‘The crystal was then placed on a flat hot plate, and the 
‘temperature was raised at a rate 110°C/hr to 400°C. A 
‘metal die, heated to the same temperature as the crystal, 
‘was pressed into the crystal surface until the desired de- 
pression was obtained. Pressure was released, and the tem- 
perature was lowered 110°C/hr. 


The cell has several advantages over equipment now in 
use. The absence of moving parts eliminates gasket seals 
and the resultant capillary spaces that make cleaning diffi- 
cult. Spectra can be recorded, on a single filling, over a 
‘range of path lengths selected to emphasize details of band 
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Fic. 2. INFRARED SPECTRUM OF TETRA- 
HYDRONAPHTHALENE 


structure. Figure 2 shows a portion of the spectrum of 
tetrahydronaphthalene at the two extremes of path length. 


An alternative cell design could be obtained by de- 
pressing the crystal surface into steps of different thick- 
ness. Such a cell would have a series of different but fixed 
path lengths and could be used for quantitative analysis. 
The novel technique of impressing crystals can be applied 
whenever a surface is desired that can not be obtained 
easily by grinding and polishing. 

Submitted November 16, 1960. 
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Photo Processing Tank for Spectrographic 
Plate Development 


M. L. Gonshor and S. E. Hausknecht 


Kennecott Research Center, Kennecott Copper Corporation, 
Salt Lake City, Utah 


In response to the need for a photo processing unit 
that would economically fulfill the need for uniform plate 
or film development, a device was built employing ad- 
vantages of simplicity, versatility, and ruggedness. Figure 
1 shows the unit itself, and the developing tray, plate, and 
solution beakers are shown in place in Figure 2. 


The processor is essentially a stainless steel tank, 18” 
x 13” x 8” with a 1 in. outlet pipe. This tank can be 
mounted adjacent to the ordinary darkroom sink or drain. 
A stainless steel wire tray, 10%” x 1114” x 1” is at- 
tached to the tank with adjustable holding rods to permit 
depth placement in the water bath as desired. Oscillation 
of the tray to keep the developing and fixing solution in 
motion is carried out by means of a synchronous motort 
geared down to 5.5 rpm. The oscillation axis is off-center to 
eliminate the formation of standing waves which could 
cause Eberhard effect. The motion of the tray serves to 
give some mixing of the constant-temperature bath water 
without undue violence. The oscillation stroke is readily 
adjusted by changing the effective arm length on the 
motor drive. 


TReversible motor No. PYAZ928-A-1, Barber Coleman Company, 
Rockford, Ill. 
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Fic. 1. PLATE DEVELOPMENT TANK 


Provision is made for controlling the temperature 
within developing limits. This is accomplished by passing 
a slow stream of cold water through the bath, and using 
a bimetallic switch,* to activate a 750 watt enclosed heat- 
ing unit as needed. The tank is large enough to contain a 
section where portions of each development solution may 
be maintained at the proper temperature. A wire screen 
divides this section from the developer proper to prevent 
tipping and spilling of solutions. 


*Thermoswitch Cat. No. 17502-0, Fenwal Inc., Ashland, Mass. 
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Fic. 2. TANK WITH Tray, PLATE, AND SOLUTION BEAKERS 


A single plate tray, 111447 x 434” x 134”, and a 
double plate tray, 114%2” x 944” x 134”, also of stainless 
steel, are used for the plate development. These trays per- 
mit the use of a minimum volume (about 150 ml for 
single plate and 300 ml for double plate) of developer, 
stop, and fixer. In our laboratory, these used solutions are 
discarded or used for cases where first quality development 
is not required. 

The depth of the tank is great enough and the adjust- 
ment of the tray height is sufficient to permit the accom- 
modation of film development, if desired. 

Submitted December 5, 1960 
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1.5 1. Between samples, a vacuum of about 1 x 10° mm 
Hg is produced. The pump-out time for samples is largely 
controlled by the speed of evacuation of the expansion 
chamber, which is pumped by an oil diffusion pump. It 
normally requires six to seven min to evacuate the expan- 
sion chamber, and at the end of this period the analyzer 
tube is completely clean and ready for the next sample. 
It would not be feasible to use the electronic pump to 
evacuate the expansion chamber because of the high pres- 
sure involved. 


If no samples are introduced into the system for a few 
hr, or after an overnight pump-out, a vacuum in the 10° 
mm range is produced. Pressure in this region cannot be 
measured precisely because the meter reading is very low or 
often the needle does not leave its zero position. A reading 
of 0.1 pa, about the lowest reading possible, corresponds 
to a pressure of 5 x 10°? mm. These higher vacuum condi- 
tions are of significance only with regard to prolonging the 
life of the pump. If the pump operates in the 10°? mm 
region the greater part of the day, the pump should last 
indefinitely. 


From an operational standpoint, the principal advantage 
of the electronic pump is the cleaner spectral background 
it provides. Mercury is, of course, eliminated, and except 
for nitrogen and water peaks which are negligibly small no 
other peaks appear in the background. 


Aside from improved backgrounds, little change is 
noted in general spectrometer performance. Cracking pat- 
terns exhibit no anomalies and sensitivities are essentially 
unchanged. Our experience has shown that sensitivities are 
largely determined by the conditioning of the ion source, 
other factors being equal (alignment, focusing, etc.). 

The mass spectrometer is used for assistance to general 
exploratory organic research, and all types of materials have 


been put through the instrument. Out of a wide range of 
chemicals examined, none has been encountered that could 
not be pumped readily, with the exception of inert gases. 
The pump has worked successfully with hydrocarbons, in- 
organic gases, halogenated hydrocarbons, strong acids, water 
vapor, oxygenated compounds, and other organic com- 
pounds. Inert gases such as argon and helium are notice- 
ably slower pumping than other materials, and if handled 
in large quantities over a period of time, they would build 
up a background. However, if encountered only occa- 
sionally in non-excessive amounts (<50%), they produce 
no problem. It is not recommended that pure argon or 
helium be admitted to the spectrometer in the usual 
amounts because they would overload a pump of this size. 
If these gases are to be analyzed often, a larger pump or 
several small pumps connected in parallel using the same 
power supply should be employed. The pump if overloaded 
by inert gases will overheat and cease to pump and should 
be shut off when this condition occurs. After about five 
min cooling, the discharge can be started again, and the 
pump will quickly produce a good vacuum. 


Most of the materials encountered have sufficiently 
similar pumping rates so that good analytical results can 
be obtained using conventional sensitivity values. Even 
materials differing in pumping rates do not seriously affect 
the accuracy of an analysis as shown in Table I. Although 
hydrogen has a rated pumping speed about twice that of 
nitrogen (3), there is no measurable analytical difference 
in relative concentrations between a blend of butane in 
hydrogen and butane in nitrogen. This represents an ex- 
treme case of differential pumping rates, but no analytical 
problem is encountered. The results in Table I were com- 
puted using sensitivities calculated from a scan of the pure 
materials. If materials are found differing too widely in 


pumping rates, they can, of course, be calibrated for the 
matrix in which they occur. 
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TaBLe | 
ANALYTICAL RESULTS ON BLENDS Havinc DIFFERENT 
PUMPING SPEEDs 


Mass Spectrometer 
Blend Component Blend, Yo pene % 
1 Butane 10 QL 
Nitrogen 90 90.1 
2 Butane 10 2.9) 
Hydrogen 90 90.1 


From the experience gained from its use, the getter-ion 
“ype pump appears to be satisfactory for mass spectrometer 
epplication and offers many advantages from a maintenance 
‘tandpoint. ; 

Literature Cited 


(1) L. D. Hall, Rev. Scr. Instr. 29, 367 (1958) 

(2) L. D. Hall, Scrence 128, 279 (1958) 

(3) Vaclon High Vacuum Pump, Data Sheet V-11402, 
Varian Associates, Palo Alto, Calif. 


submitted October 18, 1960 


Society News 


International Conference on Spectroscopy 
College Park, Md. June 18-22, 1962 


The program committee for the Conference reports 
that arrangements for the scientific program are advancing 
on schedule. The address at the opening session on Mon- 
day morning, June 18, 1962, will be given by Dr. Jesse 
Greenstein, California Institute of Technology, who will 
speak on Astrophysical Spectroscopy. 


Authors intending to submit papers for the program 
are reminded of the topics listed in the earlier release 
(Applied Spectroscopy 15, No. 3, 86 (1961)). A time 
period of 20 minutes for presentation and 5 minutes for 
discussion will be allotted for each submitted paper that 
.s accepted for the program. Projection of slides in various 
sizes will be provided and 16-mm film can be projected if 
-equested in advance. Papers may be presented in English, 
French, or German. However, in view of the fact that 
practically all of the audience will understand English, it 
is recommended that papers be given in the English lan- 
guage. Those desiring to present papers should submit titles 
and abstracts of 250-300 words to the General Chairman 
sefore December 31, 1961. 


International Advisory Board 


This board is composed of spectroscopists who have 
kindly consented to advise the Conference in planning the 
: and acting as a contact for their country. The 
ist, to which some additional names may be added, in- 
clude the following: Dr. N. W. H. Addink, Eindhoven; 
Dr. W. R. Brode, Washington; Dr. G. Duychaerts, Liege; 
Prof. Grinfeld, LaPlata; Dr. H. H. Giinthard, Zurich; Dr. 
R. N. Jones, Ottawa; Dr. H. Kaiser, Dortmund; Mr. E. 
oeuille, Paris; Dr. A. Mangani, Bologna; Prof. R. Mecke, 
Freiburg; Dr. W. F. Meggers, Washington; Dr. A. C. 
Menzies, London; Prof. S. Mizushima, Tokyo; Prof. T. 
i he Tokyo; Dr. H. Stammreich, Sao Paulo; Dr. H. W. 

hompson, Oxford; Dr. B. Vodar, Bellevue; Dr. A. 
Walsh, Melbourne. 


! 


Further details as to the scientific and social program 
ey be obtained upon request to Mr. Bourbon F. Scribner, 
General Chairman, International Conference on Spectros- 
copy, National Bureau of Standards, Washington 25, D. C. 
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Infrared Quantitative 
Analytical Data 


Determination of Acetophenone in Mixtures of Hexene-l 
and n-Hexane 


H. E. MOSELEY, Monsanto Chemical Company, 
Lion Oil Co. Div., El Dorado, Arkansas 


CS-160 
Slit 
a Accu- orv (mm) Conc.% 
: hs Range racy B.L. Ador Length 
No. Name Formula % % Pis. Ae (nw) 
Aceto- 0.045 ) 
eHe 2 + 
Se CSO) See OE 7) 041 
0.145 100 
= : : + 
2 Hexene-1 CeHyi2 O=00 a0 0G 0.030 041 
0.280 


3 n-Hexane CeHi14 0-50 1.0 13.84u 0.052 


Instrument: Perkin-Elmer Model 21, NaCl Prism 
Sample Phase: Liquid 
Cell Windows: NaCl 


Absorbance Measurement: Base line............ Romeuen soe 
Calculation: Inverted Matrix............ Successive Approx....... D Gress 
Graphical... 
Relative Absorbances—Analytical Matrix: 
Component/\ 5.93 11.06u 13.84u 
1 15.760 0.091 0.172 
2 9.020 4.150 0.100 
3 0.006 0.071 0.330 


Material Purity: Acetophenone - Eastman 99%-+; Hexene-1 and 
n-Hexane - Phillips Pure Grade 99 mole % mini- 
mum 


Comments: Dilutions, when necessary, in Carbon Disulfide. Relative 
absorbances are given as the slope of the Beer's Law 
concentration curves used and are expressed in terms 
of absorbance per 100% of constituent. 


Determination of Acetophenone in Mixtures of Decene-l 
and n-Decane 


H. E. MOSELEY, Monsanto Chemical Company, 
Lion Oil Co. Div., El Dorado, Arkansas 


CS-161 
Slit 
Cooney Accu- \orv (mm) Conc. % 
; : Range racy B.L. Ador Length 
No. Name Formula % o% Pis. is me) 
Aceto- : oo “ 0.045 5 
Um pheasant Se gO a OE nan 041 
0.145 100 
2 ec - D - sete .03 
2 Decene-1 Cy 0H20 0-510) 5100) 0370 0.030 041 
; A 0.294 
3 n-decane CyoHee2 0-50 se 1.0 7 13290K 0.055 
Instrument: Perkin-Elmer Model 21, NaCl Prism 
Sample Phase: Liquid 
Cell Windows: NaCl 
Absorbance Measurement: Base line............ Pointe eee 
Calculation: Inverted Matrix............ Successive Approx.......X...... 
Graphical... 
Relative Absorbances—Analytical Matrix: 
Component/X 5.93 11.03 13.90 
1 15.760 0.091 0.140 
2 0.028 3.150 0.350 
3 0.020 0.051 0.408 


Material Purity: Acetophenone - Eastman 999%-+; Decene-1 and 
n-Decane - Humphrey-Wilkinson 98% + 


Comments: Dilutions, when necessary, in Carbon Disulfide. Relative 
absorbances are given as the slope of the Beer's Law 
concentration curves used and are expressed in terms 
of absorbance per 100% of constituent. 
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S.A.S. Local Section News 


Editor—Carl J. Leistner 


[Items for this column should be sent to the Editor, Mr. Carl J. 
Leistner, United Carbon Products Company, P. O. Box 747, Bay 
City, Michigan.] 


1961 Eastern Analytical Symposium 
and Instrument Exhibit 
Statler Hilton Hotel 
New York City November 15, 16, and 17, 1961 


The 1961 Eastern Analytical Symposium will be held 
at the Statler Hilton Hotel in New York City on Novem- 
ber 15, 16, and 17, 1961. The purpose of this announce- 
ment is to present the program of the meeting which is 
being sponsored by the Analytical Groups (ACS) of the 
New York and North Jersey Sections, four sections of the 
Society for Applied Spectroscopy (New York, Delaware 
Valley, New England, and Baltimore-Washington), and 
the Metropolitan Microchemical Society. The meeting will 
consist of a series of 3-hour symposia of invited papers of 
extended length by experts in a number of fields of inter- 
est to analysts. The emphasis will be on recent develop- 
ments in these specialties. The exhibition will consist of 
75 manufacturers of scientific apparatus and supplies. 


The officers are: General Chairman—Dr. S$. Gordon, 
Fairleigh-Dickinson University; Program Chairman—Dr. 
E. Rosenbaum, Drexel Institute of Technology; Exhibition 
Chairman—N. Gardner; Arrangements Chairman—cC. 
Jedlicka, Lucius Pitkin Co.; Publicity Chairman—A. 
Mowitz, Interchemical Corp.; Secretary—A. Rekus, Balti- 
more Gas & Electric Co.; and Treasurer—R. J. Murphy, 
M & C Nuclear Division. 


PROGRAM 
Wednesday, November 15—9:00 A.M. 
DETECTORS FOR GAS CHROMATOGRAPHY 
A. R. Paterson, Allied Chemical Co., Presiding 


Ionization Detectors, H. McNair, Esso Research & De- 
velopment Co. 


Gas Density Detector, R. A. Dinerstein, American Oil Co. 
Thermal Conductivity Detection, R. Kieselbach, Dupont Co. 


X-RAY SPECTROSCOPY 
W. J. Campbell, U. S. Bureau of Mines, Presiding 
Measurement of Thin Films by X-Ray Emission Spec- 
trography, P. D. Zemany, General Electric Co. 
Applications of X-Ray Spectrography to Clinical and Bio- 
logical Research, T. Hall, Sloan-Kettering Institute 


Elemental Analysis (Cu, Ag, Fe) at the Subcellular Level 
by Means of the Electron Microprobe, A. J. Tousimis and 
I. Adler, George Washington University and U. S. Geo- 
logical Survey 


Applications of X-Ray Spectrography to Analysis of Or- 
ganic Materials with Emphasis on Petroleum Products, C. 
W. Dwiggins, Jr., U. S. Bureau of Mines 


STORAGE AND RETRIEVAL OF INFRARED 
SPECTRAL DATA 


E. J. Rosenbaum, Drexel Institute of Technology, 
Presiding 


Application of ASTM-Wyandotte Punch Card System, L. 
E. Kuentzel, Wyandotte Chemical Corp. 


Computer Storage and Retrieval of Infrared Spectral Data, 
L. D. Smithson, Wright-Patterson Air Force Base 


Use of “Peek-A-Boo” Punch Cards in Infrared Spectros- 
copy, N. E. Schlichter and E. Wallace, Du Pont Co. 


Wednesday, November 15—2:00 P.M. 
GAS CHROMATOGRAPHY WITH HIGH MOLECULAR 
WEIGHT ORGANIC COMPOUNDS 
E. C. Horning, National Institute of Health, Presiding 


Trace Analysis by Gas Chromatography, D. A. M. Mackay, 
General Foods Research Center 


Gas Chromatographic Separations of Steroids and Related 
Substances, E. C. Horning, National Heart Institute 


Gas Chromatography of High Molecular Weight Polyfunc- 
tional Amines, H. M. Fales, National Heart Institute 
NUCLEAR MAGNETIC RESONANCE 
E. G. Brame, Du Pont Co., Presiding 


Applications of Varian Integrator to High Resolution 
NMR, J. N. Shoolery, Varian Associates 


Effect of Antisotropic Molecular Motion in Solid State on 
the Area of the Broad Line Spectrum, R. W. Kedzie, 
Du Pont Co. 


Quantitative Applications of High Resolution NMR, T. 
3enkelman, Du Pont Co. 


Accuracy and Precision in Measurement of Areas in High 
Resolution Spectra, T. J. Flautt, Proctor and Gamble Miami 
Valley Laboratories 

EMISSION SPECTROSCOPY 
M. Margoshes, National Bureau of Standards, Presiding 


Emission Spectrographic Analysis of Semiconductor Ma- 
terials, D. Andrychuk, Texas Instruments 


Physico-Chemical Parameters in Flame Spectroscopy, J. H. 
Gibson and W. D. Cooke, Cornell University 


Panel Discussion: Selection of Emmission Spectrographic 
Equipment 


Panelists: A. J. Mitteldorf, Spex Industries 
R. F. Jarrell, Jarrell-Ash Co. 
J. T. Rosza, National Spectrographic Laboratories 
P. W. Flynn, Baird-Atomic 
H. Dryer, Applied Research Laboratories 


Wednesday, November 15—5:30 P.M. 
SOCIAL HOUR 


Thursday, November 16—9:00 A.M. 
MASS SPECTROSCOPY 
R. A. Brown, Esso Research and Engineering Co., 
Presiding 


Mass Spectra of Organic Molecules (Alkyl Phenyl Sul- 
fones), S. Meyerson, American Oil Co. 


Application of High Resolution Mass Spectrometry to Or- 
ganic Analysis, P. J. Klaas, Esso Research and Engineering 
Co. 


Analysis of Solids with the Mass Spectrometer, W. M. 
Hickam, Westinghouse Central Laboratories 
ELECTROANALYTICAL METHODS 


The Scope, Application and Future of Some Newer 
Electroanalytical Techniques 


L. Meites, Polytechnic Institute of Brooklyn, Presiding 


The Past, Present and Future of High Frequency Con- 
ductance Measurements, W. H. McCurdy, Jr., University 
of Delaware 


The Application of Unusual Electrodes to Analytical Polar- 
ography, W. D. Cooke, Cornell University. 


Analytical Applications of the Hanging Mercury Drop Elec- 
trodes, I. Shain, University of Wisconsin 


(Continued on page 15A) 


the 
IR-5A 
—new 
from 
Beckman: 


Beckman presents the new, low-cost 
IR-5A in two models for complete cov- 
erage of the 2 to 35 micron range. For 
determinations in the 2 to 16 micron 
range, choose the IR-5A with NaCl 
optics —an even more rugged, reliable, 
and versatile version of the IR-5, long- 
time laboratory workhorse for quali- 
tative and quantitative analyses. For in- 
formation in the 11 to 35 micron region 
—never before possible with a low-cost 
instrument—choose the new CsBr IR-5A. 


Call your nearest Beckman Field Sales 
Office for a demonstration, or write for 
Data File 39-10-02. 


puotonee” : 


geecte? 


complete wavelength coverage 


NaCl IR-5A 2-16 microns CsBr IR-5A 11-35 microns 


two advanced versions (NaC! and CsBr) 
of the famous 
IR-5 spectrophotometer! 


DUAL SPEED * The IR-5A provides 15-minute scanning for exceptional 
resolution and precise information, plus 3-minute scan for 5 times 
as many scans when making routine surveys. 


SINGLE- AND DOUBLE-BEAM OPERATION * Simply flip a switch to go 
from normal double-beam operation to single-beam for reaction rate 
studies or energy recording. 


SAMPLING VERSATILITY « IR-5A accommodates all Beckman infrared 
sample handling accessories for micro liquid, gas, or solid sampling. 
And the IR-5A is the only low-cost instrument capable of handling 
a 10-meter multi-path gas cell for the extreme sensitivity needed to 
detect trace components. 


INTEGRAL PLUG FOR EXTERNAL RECORDER * An external recorder can 
easily be plugged into the IR-5A for simultaneous spectra recording. 


‘Beckmar’ INSTRUMENTS, INC, 


SCIENTIFIC AND PROCESS 
INSTRUMENTS DIVISION 


Fullerton, California 


the NEWEST DIRECT READING - 


Three 
independent optical 
systems that may be 
used individually or 
in any combination. 


One sample excitation emits light to any 
or all systems. 

R.C.l., the newest company in the field of 
optical emission spectroscopy, introduces 
this radically new tri-purpose analytical 
instrument designed by experts who 
know your analytical requirements. 


Mounts on top of Air Spectrometer. Range 2200A-4700A in 
Order I with 5.5A/mm dispersion. Provision for higher order 
work when used separately, 


PRECISE OPTICAL ALIGNMENT OF 
SPECTRUM LINES ASSURED 


AUTOMATIC COMPENSATION FOR 
DISPERSION CHANGES 


UNIQUE OPTICAL DESIGN USES 
MINIMUM FLOOR SPACE 


When all systems employed the complete unit measures 70” 
high, 44’’ deep, 85” in length 


For further information, 
telephone 617 WE 3-5800 or write 


ESEARCH and 
ONTROL 
NSTRUMENTS, Inc. 


10 JEFFERSON AVE., WOBURN, MASS. 
14A 


SPECTROMETER | 


Shown in position #2 in above drawing...3 meter, wide-range 
Polychrometer with folded Eagle mounting... typical range 
2120A-4360A in Order I with 2.7 A/mm dispersion, 30,000 
lines/inch grating. Other ranges and gratings available. 


Mounts in front of Air Spectrometer. For C, S, P and up to 
five other elements. May be used in conjunction with 
Air Spectrometer or independently. When used in combi- 
nation with Air Spectrometer, vacuum analysis of certain 
elements may be made without evacuating the entire unit 
Typical wave length range 1750A-2600A in Order 5.5- 
A/mm with 30,000 lines /inch grating. 


(Continued from page 156) 


AUTOMATION IN MICROCHEMICAL ANALYSIS 
Panel Discussion 


H. J. Francis, Pennsalt Chemical Corp., Presiding 


anelists: L.. Dorfman, Ciba 

G. M. Gustin, Norwich Pharmaceutical Co. 

aN Steyermark, Hoffman La Roche Ince. 
-omplete Automation of the Microdetermination of C and 
1 in Organic Compounds, W. Simon, Swiss Federal Insti- 
ute of Vechnology 


Advances in Instrumentation: 
INFRARED SPECTROSCOPY CLINIC 
J. Overend, University of Minnesota, Presiding 
lhursday, November 16—2:00 P.M. 


ADVANCES IN BIOCHEMICAL ANALYSIS 
L. Meites, Polytechnic !nstitute of Brooklyn, Presiding 
Hlectrochromatography, H. Peeters, Simon Stevin Institute 
or Scientific Research, Bruges, Belgium 
ye Partition Analysis, H. Goldenberg, Hillside Hospital 


-Ray Spectrometry in Analytical Biochemistry, S. Natel- 
on, Roosevelt Hospital 


Robot Chemist, A. G. Ware, Los Angeles County General 
Lospital 


ELECTROANALYTICAL METHODS 


The Scope, Application and Future ef Some Newer 
Electroanalytical Techniques 


L. Meites, Polythechnic Institute of Brooklyn, Presiding 


New Methods of Titration End-Point Determination, R. B. 
Hanselman, Union Carbide Plastics Co. 


oulometric Titrations, A. M. Hartl ley, University of Illinois 
)Jpen Discussion 


EW DEVELOPMENTS IN INSTRUMENTAL TECHNIQUES 
FOR MOLECULAR WEIGHT DETERMINATIONS 


S. Z. Lewin, New York University, Presiding 


|: he Thermometric Method of Molecular Weight Deter- 
minations, T. Higuchi, University of Wisconsin (Tentative) 


IN Critical Appraisal of Instruments for Thermoelectric De- 
permination of Molecular Weights, H. C. Ehrmentraut, 
MMicro-Lab, Inc. 


INew Instrumental Approaches to Osmometry, J. E. Abele, 
advanced Instruments, Inc. 


“he Sensitivity and Accuracy of Instrumental Determina- 
gons of Molecular Weight, S. Z. Lewin, New York Uni- 
ersity 
Advances in Instrumentation: 
a) EMISSION SPECTROSCOPY CLINIC 
R. Bell, Lucius Pitkin Co., Presiding 
b) X-RAY SPECTROSCOPY CLINIC 


|. Hansen, Esso Research and Engineering Co., Presiding 


thursday, November 16—5:30 P.M. 
i SOCIAL HOUR 


iriday, November 17—9:00 A.M. 
FOOD ADDITIVE ANALYSIS 
M. W. Weiss, Interchemical Corp., Presiding 


¢Geparation Techniques in Residue Analysis, L. D. Metcalfe, 
rmour Industrial Chemical Co. 

i Chromatography in Food Additive Problems, M. Ber- 
lick and E. 
Lorp. 
pplication of Analytical Chemistry to Food Additive 
Problems, R. T. Hall, Hercules Research Center 


M. Cohen, Evans Research and Development 


| 
| 
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WANTED! 


THRIFTY 
INFRARED 


SPECTROSCOPISTS 


who insist on prompt delivery of the highest quality 


Crystal Windows 


Lenses and Prisms 
Cells and Accessories 
Cell and Window Repairs 


why not contact us 
before placing your next order 


APPLICATIONS OF RADIOISOTOPES 
G. D. Chase, Philadelphia College of Pharmacy & 
Science, Presiding 


The Use of Radiation Sources in Analytical Chemistry, 
J. N. Bierly, Franklin Institute Research Laboratory 


Radioisotopes—A Powerful Tool for the Analyst, D. Ban- 
del, Tracerlab Inc. 


Isotope Dilution Analysis Applied to Organic Chemistry, 
J. D. Moyer, W. R. Grace and Co. 


ADVANCES IN PHYSICAL AND CHEMICAL 
SEPARATIONS 
G.H. Morrison, Cornell University, Presiding 


New Developments in Solvent Extraction Methods, H. 
Freiser, University of Arizona; G. H. Morrison, Cornell 
University 


University of Indiana 
Sig- 


New Organic Reagents, F. Welcher, 


Seldom-Discussed Organic Separation Techniques, S. 
gia, Olin Matheson Chemical Corp. 


Friday, November 17—2:00 P.M. 
APPLICATIONS OF NUCLEAR ACTIVATION ANALYSIS 


Jane C. Sheridan, Evans Research & Development 
Corp., Presiding 


Radioactivation Analysis: Present Status and Development 
Trends, G. W. Leddicote, Oak Ridge National Laboratory 


Application of Activation Analysis Techniques to Problems 
of Geochemical Interest, G. W. Reed, Jr., Enrico Fermi 
Institute for Nuclear Studies, University of Chicago 
Criteria for Evaluating Instrumental Techniques—The Mea- 
sure of Activation Analysis, D. L. Fry, General Motors 
Technical Center 

(Continued on page 19A) 


Polystyrene spectrum using an auxiliary recorder. 


NOW...GRATING RESOLUTION OVER FUNDAMENTAL 
IR RANGE WITH NEW MODEL 237 SPECTROPHOTOMETER 


You now can have the advantages of high-resolution anal- 
ysis over the entire infrared spectral range of fundamental 
analytical importance — 4000 to 625 wavenumbers (2.5 to 16 
microns)...even if your budget is limited. The new Perkin- 
Elmer Model 237 Double-Grating Spectrophotometer, latest 
in P-E’s low-cost Infracord line, makes this possible. 


Basic to this high performance at low cost is the Model 
237’s grating-filter design: the dispersing power of gratings, 
used only in their first orders, is complemented by filters to 
eliminate higher orders of radiation. The result is outstand- 
ing spectral purity achieved with simplicity and dependabil- 
ity of mechanical operation previously not available. 
Flexible Presentation. You can specify a Model 237 
recording in either linear wavelength or linear wavenumbers, 
as you prefer. Full wavelength coverage is divided into two 


The terms Infracord and Perkin-Elmer are registered trademarks of the 
Perkin-Elmer Corporation. 


ranges — 4000-1300 and 2000-625 wavenumbers; or 2.5-7.7 
and 5.0-16 microns. The analyst selects the range he desires 
by the flick of a panel switch, thus assuring maximum legi- 
bility of fine structural detail. 


Two scanning rates for each range are available: fast 
(8 minutes) rate for survey scans or spectra of materiais 
with relatively few narrow spectral bands. Slow (24 minutes) 
rate provides details of very complex spectra. Here, too, 
a panel switch puts both speeds at the analyst's fingertips. 


Optional auxiliary recorders, used above to show polysty- 
rene spectrum, are available to give you continuous spectra 
at fixed wavelengths or to let you expand or compress ordi- 
nate or abscissa. The chart ordinate—a full 15 centimeters 
— provides maximum accuracy in recording band intensities. 


Write for complete information and sample spectra. 


INSTRUMENT DIVISION 


Perkin-Elmer Cnporition 


NORWALK. CON Nf fe reins 


PARTS PER MILLION TRACINGS— 
WITH FANTASTIC ACCURACY AND SPEED 


Recent developments have widened the scope of an 
uncanny instrumental chemical sleuth. Now, besides 
supplying quantitative data with exceptional accuracy, 
this Norelco Spectrograph conserves the valuable time 
of the chemist by automatically providing analytical 
data on samples in a fraction of the time otherwise 
required. Data are obtained from an instrument which 
functions unattended—once the prepared sample has 
been positioned. 


Skirting through a prescribed arc, detectors and 
associated electronic circuitry integrate the whole of 
che radiated sample’s characteristic spectra, supplying 
inear and/or logarithmic data on a chart in terms of 


PHILIPS 
ELECTRONIC 
INSTRUMENTS 


Norelco 
a” 


write today on your letterhead to: 


both identity (qualitative) and intensity (quantitative). 


Abundant with interesting features, a new Norelco 
high capacity generator and X-ray tube combination 
plus new integrating electronics, unquestionably 
qualifies the Norelco Spectrograph as having the high- 
est resolution and greatest intensity with better signal- 
to-noise ratios when compared to any other equipment 
in the market place. 


Why Norelco is the best and how it can serve to 
improve your products and profits is understandable. 
Want us to tell you? Call or write today. Go ahead 
and ask us why. We are enthusiastic about all such 
opportunities. Well? Wouldn’t you be? 


For more information and specifications on this remarkable Norelco instrument, 


PHILIPS ELECTRONIC INSTRUMENTS 


A Division of Philips Electronics and Pharmaceutical Industries Corp. 


750 South Fulton Avenue, Mount Vernon, N. Y. 


In Canada: Research & Control Instruments * Philips Electronics Industries Ltd. * 116 Vanderhoof Avenue * Leaside, Toronto 17, Ont. 


WONDER 
ELECTRIC MORTAR 


END MIXING—GRINDING DRUDGERY 


Using Plastic, Metal or Agate Vials the Wig-L-Bug 
will become indispensable to you as it has al- 
ready in hundreds of laboratories in this coun- 
try and dozens of countries abroad. Use plastic 
vials for mixing powders or preparing mulls with 
mineral oil. For grinding hard materials use the 
hardened tool steel or agate vial. With these you 
can obtain 200 mesh materials in 2-3 minutes. 


HEAVY DUTY #+6—FOR YOUR MIXING 
AND GRINDING PROBLEMS 


in the Field of Powder Metallurgy 
—Ceramics—X-Ray Spectroscopy— 
—X-Ray Diffraction—Emission Spec- 
troscopy and Analytical Chemistry. 


A HIGH SPEED MIXER GRINDER, same agitating action as 
in small models illustrated. For pulverizing, grind- 
ing, crushing, mixing, diluting laboratory samples 
quickly, consistently and uniformly. In optical emis- 
sion and X-ray spectrographic laboratories this in- 
strument is ideal for mixing and grinding both samples 
and standards. Not only is the effort of Mortar & 
Pestle labor eliminated but results are made more re- 
producible as consistency in particle size is attained 
every time. 

A 4 H.P. Split Phase Motor complete with 1 hr. timer 
and special adapters and arms to hold Plastic, Carbide 
or Stainless Steel Capsules & Pestles. Approximate 
weight 40 Lbs. Price $250.00 (No Accessories included). 
Fin type bearing retainer for longer running inter- 
vals available at $15.00 additional. FOB factory. 


ACCESSORIES FOR NO. 6 include Plastic Balls & Vials 
(60 ml) to eliminate metallic contamination. 

Stainless Steel Vials 6 ml or 10 ml and Rod Pestles or 
Ball Pestles. Tungsten Carbide 6 ml and 25 ml Vials 
and Rod or Ball Pestle. 


ACCESSORIES FOR 5A 
OR 3A WIG-L-BUGS 


_ 3113 Adapter, for 1%” dia. 
: x 1” long vials. 
. 3111 Vial, 44” x 1” poly- 
styrene with cap. 
3112 Ball-pestle, clear 
: plexiglas, 3g” dia 
3115 Adapter for Ibe dia. 
: x 2” long vials. 
3116 Vial, 44” x a poly- 
styrene’ with ca 
3113 Adapter a ye dia. 
. x 1” long vials. 
- $114 Vial, stainless steel 
10" x 1” with ball-pestle 
. 14” dia. 
~ 3117 Vial, tool steel 
- (hardened) 44” x 1° 
: Veo steel ball-pestle 
. 3118 Vial, agate 9/16” dia. 
xX 15/16” long 2 ml ca- 
pacity with agate ball- 
pestle 14” dia. (Re- 
quires 3115 adapter). 


For preparing KBr pellets use stainless steel or 
agate vials. Invaluable in the fields of X-Ray 
Diffraction, Emission Spectrographic Analysis, X- 
Ray Spectroscopy, Infra-Red Spectroscopy, Metal- 
lurgy, Geology, Oil Research, Aluminum Manu- 
facture, Chemical, Paint and Color Analysis, 
Ceramics, Foods, Agriculture. 


i j 


5A—Wonder Electric Mortar—the action is 
reciprocating in the form of a figure 8 
swung through a 6 14° arc at 3200 RPM, 
the ball pestle then strikes the end of 
the vial some 2000 times in ten seconds. 
Can be run continuously for 5 minutes 
(and this depends on the load) with a 
rest period between the 5 minutes to 
cool the motor completely. 


3A—Model with Fan and 1 hour timer—same 
type of motor and action as 54 Model 
but this 3A can be run for 20-30 minutes 
with cooling off periods between to cool 
the motor. 


POSSE ESTE LR IK ED SOI ER RET 


THE WIG-L-BUG HAS REVO- 
LUTIONIZED MIXING & 
GRINDING PROCEDURES — 
A TREMENDOUS TIME SAVER, 
CONSISTENTLY UNIFORM RE- 
SULTS. AN INDISPENSABLE 
PP ORATORY MORTAR MIX- 


Write for Literature and Prices 


CRESCENT DENTAL MANUFACTURING CO. 


1837 So. Pulaski Road e 
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Chicago 23, Ill. 


(Continued from page 15A) 


ADVANCES IN PHYSICAL AND CHEMICAL 
SEPARATIONS 


G. H. Morrison, Cornell University, Presiding 


xesolution of Mixtures of High-Molecular Weight Ma- 
serials by Use of the Microfractor, G. W. Kinzer, F. Ben- 
igton, Battelle Memorial Institute 


mpurity Separation by Zone Melting: Principles and Prac- 
ice, F. Moser, Eastman Kodak Co. 


Zesolution and Efficiency in Gas Chromatography, S. Dal 
Jogare, Du Pont Co. 
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Mid-American Spectroscopy Symposium 
“onrad Hilton Hotel, Chicago, Ill. Apr. 30-May 3, 1962 


The 13th Annual Mid-American Spectroscopy Sympo- 
ium, sponsored by the Chicago Section of the Society 
or Applied Spectroscopy in cooperation with the Cleve- 
and, Detroit, Indianapolis, and St. Louis Sections, has 
seen scheduled for April 30 through May 3, 1962, at the 
conrad Hilton Hotel in Chicago. 


Original papers on the most recent advances in Infra- 
ed, Raman, Optical emission, X-Ray, General Absorp- 
gon, NMR, EPR, and Atomic Absorption will be pre- 
ented. For the first time, according to Doctors John R. 
ferraro and Joseph Ziomek, Symposium Coordinators, new 
essions on Vacuum Ultraviolet, Gas Chromatographic 
*reparation of Samples for Spectroscopic Analysis and 
NMR Workshop—all of special appeal to spectroscopists 
—will be introduced at this meeting. The popular Intro- 
luctory Clinic in Infrared Spectroscopy will be continued 
t the Mid-American Symposium. Problem clinics, semi- 
vars, and an exhibit featuring the very latest instruments 
nd equipment will be of special interest. 


For further information, write to Dr. John R. Fer- 
aro, Argonne National Laboratory, 9700 South Cass 
Avenue, Argonne, Illinois. 
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Baltimore-Washington Section 


Date: November 7, 1961 

Dinner: Roma Restaurant, Washington, D.C. at 6:30 p.m. 
Speaker: Mr. Harry Keegan, National Bureau of Standards 
Topic: Spectral Reflectance 

lace: National Bureau of Standards, Washington, D. C. 


Date: December 5, 1961 

lace: New Rolling Inn, Baltimore, Md. 

Speaker: To Be Announced 

Topic: To Be Announced 

Time: Dinner at 6:30 p.m. and Meeting at 8:30 p.m. 
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Intermountain Section 


The Intermountain Section, Society for Applied Spec- 
roscopy will conduct a symposium, particularly for spec- 
‘roscopists in the Northwest to be held in Idaho Falls, 
‘daho on February 16 and 17, 1962. Papers on emission, 
sbsorption, X-ray, and mass spectroscopy are invited. 
tease submit titles and brief abstracts before December 
15, 1961. For further information contact the Symposium 
Chairman: Mr. G. V. Wheeler, Phillips Petroleum Com- 
nany, P.O. Box 2067, Idaho Falls, Idaho. 


19A 


Cincinnati Section 


Richard D. Ohlinger has been elect- 
ed President for 1961-62. He was cer- 
tified as a Medical Technologist in the 
Air Force in 1954 and received a B.S. 
from the Eastern Michigan University 
at Ypsilanti, Mich. in 1955. His pres- 
ent position is as Technologist in the 
Analytical Department of the Nation- 
al Lead Co. of Ohio and his major 

field of interest is mass spectrometry. 
Other officers elected included: Program Chairman, 
Richard E. Kupel, Occupational Health Research and 
Training Facility, U. S. Public Health Service, Cincin- 
nati; Secretary-Treasurer, Stuart H. Milliman, General 
Electric Co., Evendale; and Councilors, Norton Gerber, 
Formica Corp., Cincinnati, and Philip E. Berghausen, Cin- 
cinnati Milling Machine Co., Cincinnati. 


Date: November 14, 1961 
Meeting Place: Eagle Restaurant, Wilmington, Del. 
Speaker: Dr. Abraham Savitszky, Perkin-Elmer Corp. 


A 


Delaware Valley Section 


Date: October 17, 1961 
Meeting Place: Towne House, Media, Pa. 
Speaker: Dr. John Margrave, University of Wisconsin 


Topic: Application of Mass Spectra to High Temperature 
Chemistry 
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X-ray spectroscopists 
write, wire or call for 
details. 


CORPORATION 


429 Commercial Avenue, Palisades Park, N. J. 


A NEW CONCEPT 


IN MICROPHOTOMETERY ISL 


THE UNVEILING © : 

MENT AT THE EAST 0.14 

SYMPOSIUM, BOOTH NO. 1% \LTON 
HOTEL STATLER FH 

New YORK CITY 


NATIONAL 
SPECTROGRAPHIC 
LABORATORIES, Inc. 


6300 Euclid Avenue + Cleveland, Ohio » UTah 1-4664 
1180 Palm Avenue + Hialeah, Florida * TUxedo 5-1691 
805 Moundale Drive + Ferguson 35, Mo. * JAckson 2-9515 
1460 5th Avenue + Belmont, California + LYtell 3-9418 
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To the laboratory of today 

that looks to the future, 

we offer this modern 

electronic, ultra-sensitive, 

“Lab Tested’ instrument. 

Designed for maximum 

reliability and convenience 

of operation, 

with NSL EXCLUSIVE FEATURES... 


@© HIGHEST SENSITIVITY 
® BUILT-IN RECORDER* 
@ DIGITAL READOUT and LOCK* 
@ BRIGHT LINE of LIGHT 


® LARGE SCREEN 


*Available at extra cost 


WE ALSO OFFER A COMPLETE LINE OF 
LABORATORY SUPPLIES 


NSL 
6300 EUCLID AVE. 
CLEVELAND, OHIO 
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Model NK-1 Spectrophotometer .... 


most resolution per dollar of any IR instrument! 


The Model NK-1’s resolution and scan- 
ning speéd capabilities far exceed those 
of any other competitively-priced instru- 
ment. What's more, its performance equals 
that of infrared spectrophotometers cost- 
ing thousands of dollars more. Fast scans 
with excellent resolution are the result of 
the globar source and the unusually large 
optics used in the NK-1 to generate and 
pass radiant infrared energy. Special elec- 


tronic circuits for Automatic Scan Control 


and Accelerated Scan Program allow you 
to take full advantage of this vast energy 
superiority. 

The Model NK-1 has the reproducible 
photometric and wavelength accuracy re- 
quired for exacting quantitative analysis 
and for positive absorption band identi- 
fication. In addition, the NK-1 is an ex- 
tremely flexible instrument. Any wave- 
length region between 0.25 and 38 », can 
be selected for study. In the 2.0 to 16.0 u 
NaCl region, wavelength resolution is 
0.015 ». And with special optics, sources 


NEW BROCHURE AVAILABLE. A new, 20-page brochure supplying 
technical details and specifications for the NK-1 Spectrophotometer and 
accessory equipment is now available from Baird-Atomic. Write for your 
copy today and discover why we can any “most resolution per dollar of any 


IR instrument!” 


BAIRD-ATOMIC,/NC. 
JS Unwersity Road: Cambridge 38 Mass. 


and detectors available, it can be used for 
special research in addition to conven- 
tional applications. 

The NK-1 Spectrophotometer also 
offers many conveniénce features. 
Among them: a large, unique sample area~ 
that provides plenty of room to work with =< 
special sample cells; and special mount-:. 


‘ings that allow prisms and associated 
_cams to be changed in less than one min- 
ute with no calibration required. Further- <=. 
more, it is a compact unit with both optics 


and electronics enclosed under a single’ : 
cover. And now, Baird-Atomic supplies a’. _/ 
full line of accessories for liquids, solids 


and gases — including ultra-micro cells, 


pressure cells, and long path length cells. 


Engineers and scientists: Investigate 
challenging opportunities with Baird-Atomic. 
Write Industrial Relations Director. All quali- 
fied applicants will receive consideration for 
employment without regard to race, creed, 
color or rice pete origin. 


ADVANCED OPTICS AND ELECTRONICS... SERVING SCIENCE 
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: NE Among the characteristics that render the Golay Detector superior to other 


types of detectors for use in infra-red spectroscopy are: 


6 
1. An effective sensitive area 3/32” in diameter. 
e 
2. Sensitivity of 6x10"' watts RMSENI when used with “chopped beam” method 
e and with recording time constant of 1.6 second. 
° 3. Uniform sensitivity from the ultra-violet through the visible and the entire 
infra-red, and up to the micro-wave region. 
e 
4. Improved, drift-free, A.C. operated amplifier with step gain controls and four 
° response periods. 
“Fundamental and experimental aspects of this detector are discussed in the following publications: 
sg Rev. Sci. Inst. 18, 347 and 357 ('47); ibid. 20, 816 ('49); Proc. IRE 40, 1161 ('52). 
e 
Write for Bulletin No. 10 
® 
Address: 6 SHEFFIELD AVE., NEwport, R. I. 275-8 
e 


‘THE EPPLEY LABORATORY, INC. 


Scientific Instruments 
NEWPORT RHODE ISLAND U.S.A. 
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Modernize your Spectrograph with the 


ENCLOSED COMBINATION ANALYZER 


¢ Built-in gauges for water-cooling and air draft. 
2 built-in motors for rotating samples. 
Bi-lateral, water-cooled electrode clamps. 


¢ 2 variable Polaroid viewing mirrors. 
¢ Erect 4X optical alignment system. 
e Filter for exhausting poisonous or radioactive fumes. 


* Acid-proof plastic wash-down interior. 


| © Stainless steel and nylon hardware. 
¢ Rhodium-plated electrode clamps. 


ENCLOSED STALLWOOD JET 


(Si 3c INDUSTRIES INC. SCOTCH PLAINS, NEW JERSEY 


Large expensive direct reading spectrometer installa- — 
tions have been in use by many large concerns. These — 
investments have paid huge dividends by increasing ~ 
the quality and quantity of many products. q 


Now the Compact Atomcounter supplements Jarrell- 
Ash’s large direct readers with a simple, reliable, com- 
pact instrument of wnexcelled analytical precision. 
Jarrell-Ash’s development group built the compact 
direct reader, guided by experience from its over 400 
worldwide spectrochemical installations. Designed for 
economy, the low cost of the Compact Atomcounter 
makes it possible for a firm with a limited budget to — 
obtain the kind of expanded output and improved — 
quality which has paid off for concerns that have in- ~ 
vested in more elaborate installations. 


For 


Less Than 


$ 20,000 


MKC 


Unexcelled analytical precision — typically 1.0% + .01% 
Speed of analysis — complete 10 element analysis in 2-2% minutes 


The Compact Atomcounter is recommended for the 
analysis of aluminum, copper, zinc, lead, magnesium © 
and other low melting point alloys, most ferrous metals, — 
ores, minerals, leaves and soils, oils and other common 
spectrochemical applications. 


WJarrell 


For further details, contact .... 


SLA JARRELL-ASH COMPANY 


25 Farwell Street, Newtonville 60, Massachusetts 


